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Gentlemen:
Subject: Motor Vehicle Emissions Estimates

The Air Resources Board (ARB) has in the recent past
suggested use of the report "Interim Estimates of Emissions
from Mobile Sources in California"™ (IEE) as the basis for
estimating mobile source emissions. At that time, the staff
felt the IEE reflected California vehicle emission rates more.
accurately than data from other sources. However, in
December 1975, EPA released Supplement 5 to its report,
"Compilation of Air Pollutant Emission Factors".. Supplement 5
contains more recent data for estimating mobile source emis-
sions. The most significant differences between IEE and
Supplement 5 are in estimates of heavy duty vehicle emissions
with Supplement 5 indicating higher emissions in future years.
Based on this more recent information, the ARB has decided to
use Supplement 5 with minor modifications as the basis for
ARB emissions assessments for motor vehicles, Free copies of
Supplement 5 are available to government agencies and non-
profit organizations through the Air Pollution Technical
Information Center, Research Triangle Park, N.C. 27711,

Supplement 5 data, with minor modifications to
characterize the data for California, will be incorporated
into a California Department of Transportation c¢omputer pro-
gram named "EMFAC", EMFAC presently contains IEE data. ARB
staff expects to have EMFAC updated and on-line with Supple-
ment 5 data by mid-April. The minor modifications being made
to Supplement 5 data reflect the implementation schedule for
emissions standards in California and consider vehicle
population distributions specific for California. These
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modifications will be documented and made available concunvent
with the incorporation of Supplement 5 data in EMEAC. Question:.
regarding the status of the EMFAC program updatc should beo
addressed to Andy Ranzieri (916-445-9798).

Sincerely,

lowas 0 Qi

Tom Austin
Deputy Executive QOfficer -
Technical

cc: P. De Falco, Jr., EPA
W. . Lewis, Jr.
M. Nichols
G. C. Hass
H. Wong-Woo
J. Kinosian
J. Holmes
A. Ranzieri



EMISSIONS AND AIR QUALITY ASSESSMENT
PREFACE

This report, "Emissions and Air Quality Assessment", is intended to

serve as an introduction to major technical considerations and to provide
the necessary baseline data and information for quantifying emissions and
air guality impacts. "Emissions and Air Quality Assessment" has been
developed for'individuaTS who do not have a strong background in the
technical areas relevant to air quality planning. However, some familiar-
ity with the physical sciences and, more importantly, an interest in the
subject matter are assumed. This report is part of a process of docu-
menting emissions and air quality assessment methodologies for this
audience. This process will continue, and this material will be revised
to reflect new information and the comments of various user groups.

The discussion of certain topics is quite detailed; other topic areas

are treated at the lay public level. This non-uniform treatment reflects
both the priorities of the authors and the state-of-the-art of the
technical data bases for these areas. The text is extensively referenced
for further reading in areas of interest or priority.

In recent year;; there has been considerable effort to integrate air
quality considerations into ongoing land use and transportation planning
processes. This actfvity includes both the policy/institutional areas
and the technical areas. The magnitude of this effort is demonstrated
by the number of references in this report, which by no means represents
an extensive literature search. For these reasons, this report is not
intended to replace or supersede existing works. Rather, it is intended
that this report be used in a complementary manner with other documents
covering these subjects. The "Air Quality/Land Use Planning Primer for
California” presently being developed by Air Resources Board staff
treats the policy/institutional considerations of interest in California.
The Primer is a éomp1ement to the technical material presented in
"Emissions and Air Quality Assessment."”



It 1s recommended that those individuals/agencies who will be involved

in air guality planning activities establish an air quality technical
Tibrary. A majority of the documents referenced in the bibliography

are available from the Air Pollution Technical Information Center (APTIC)
or the National Technical Information Service (NTIS). The documents
available from APTIC are free of charge to non-profit organizations.
Documents obtained from NTIS must be purchased.

With regard to the format of this report, each section was developed as

a separate element. References are indicated by numbers in brackets [ ]
and are listed at the end of each section. Appendices for each section

are also placed at the end of the section.

Comments and suggestions regarding this document should be directed to:

William C. Lockett, Chief
Evaluation and Planning
Air Resources Board

1709 11th Street
Sacramento, CA 95814
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1. INTRODUCTION
1.1 PHYSICAL PROCESSES/CARRYING CAPACITY

By and large, the ways in which pollutants are created and released into
the atmosphere are understood from a scientific standpoint. However,
why they continue to be released, often to the detriment of human beings,
involves considerations which are based upon factors other than those
embraced by the domain of science and technology. They include the
gconomic, political, and psychological motivations that traditionally
influence human decisions. A schematic representation [1] of those
factors impacting on air quality is shown in Figure 1.7.

AIR QUALITY MATRIX
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If solutions are to be found to alleviate the problem of air pollution,
they must necessarily recognize the complex nature of the causes.
Individual initiative to date has not solved the problem, so governments
at various levels have shouldered the responsibility of initiating
pollution controls.

It is often suggested that substantial advances will be forthcoming only
if there is a social or political about-face from which develops a
greater dependence by citizens upon mass transportation, more efficient
use of our energy resources, and control over population growth. It is
not the purpose to discuss these aspects of the air pollution problem.
Certainly many novel social, political, and legal concepts must be
introduced to meet the demands that citizens now make for cleaner air.
But solutions to the problem of air pollution will not be found unless
the pluysical nature of the phenomenon is understood [2]. It is this
physical nature of air quality planning that will be emphasized in this
report.

In discussing the relationships of planning to future air quality and
the associated technical areas, we should start by establishing a mutual
understanding of the physical factors invoived. A conceptual represen-
tation of the major physical factors to be considered in an air quality
planning process is shown in Figure 1.2. This representation indicates
the linkages between sources of air pollutants and receptors, i.e.,
those things affected by air poliution such as humans, animals, vege-
tation, and materials.

FIGURE 1.2

Physical Processes in Air Quality Planning

EMISSIONS + METEOROLOGY + AIR CHEMISTRY - AIR QUALITY
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\ LAND USE AND TRANSPORTATION
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Sources and receptors are simultaneously tinked by two paths. One path

is a one-way path invo]ving the physical processes of poliutant emissions,
Chemical transformation, dispersion,‘and transport. The sources shown

in the model repfesent all sources of pollutants in a study area. The
emissions associated with these sources are acted upon by meteorological
processes resulting in the transport and dispersion of the emissions.

The pollutants participate in physical and chemical processes resulting
in the air quality for the study area. This air quality then impacts on
the receptors.

The .other path 1inking sources and receptors is a two-way path involving
the location and intensities of land use activities and transportation
facilities. It is this two-way path of land use/transportation patterns
where planning can be expected to influence air quality and the impact

of air quality on receptors. The gquantity and locatioh.(i.e., the
spatial distributions) of emissions are a function of land use/transpor-
tation patterns. Since these patterns are a result of planning activities,
the spatial distributions of emissions and the associated air quality

are also a resuit‘of planning activities. Changes in these spatial
distributions can be made that consider the physical process, and in this
way minimize the associated air quality impacts.

Historically, the specification of land use has been comparatively
insensitive to éir quality considerations. Recent public concern for
environmental QUality has fostered'attémpts to imprové'aﬁr quality
through direct control of the sources of air pollution. Specifically,
the'current focus of these attempts is on technology-based emissions
control and more efficient fuel utilization. However, this type of
approach does ndt.by itself address the broad-based problems of planning
for long term air qﬁa]ity. Consequently, such emphasis - will not provide
for healthful air quality for certain areas of the State.

The inadequacy of technology-based controls is identified in a report on
recommended air quality standards [3] to the Air Resources Board by the

since-dissolved Technical Advisory Committee.
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In some instances the standards which are designed to assure
freedom from injury to health cannot be attained by the
application of technical methods available now or in the
foreseeable future. This incompatibility can be resolved
only by drastic changes of Tife patterns in the most heavily
populated areas.

For example, The drastic changes which must occur will have direct
and jarring effects on residents of the South Coast Air Basin.
Some or all of the following actions are necessary if the air
quality of the South Coast Air Basin is to meet the proposed air
quality standards.

1. Limit the number and use of automobiles, trucks,
and aircraft permitted in the basin.

2. Reduce emissions from these sources to levels
below those now proposed.

3. Remove or make essentially emission-free all industries
and fossil-fuel power plants in the basin.

4. Develop a comprehensive non-polluting urban transport
system.

5. Limit population growth by sharply restricting subdivision
and residential expansion in the basin.

6. Limit commercial and industrial growth to zero-emission
facilities.

7. Restrict emissions from commercial, agricultural,
domestic and recreational sources.

The impact of these requirements staggers the imagination. They
stem from the concept that each basin has a limited resource of
air, into which the emission of a specific maximum guantity of
particulates, nitrogen oxides, carbon monoxide and hydrocarbons can
be permitted if the air quality standards are to be met. Once this
maximum quantity is reached, no further activity which adds air
contaminants to the basin can be permitted if the objective of the
air quality standards is to be met and maintained.

The maximum permissibie quantity of each category of air contaminants
should serve as a guide to the planning, growth and development of
each basin where air quality is now at lower levels than the standards,
and as a similar guide for the reduction of contaminant emissions

in basins where the air quality is above the standards.
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The "maximum permissible quantity" is a function of the carrying capa-
city of an air basin and is just one determinant of air quality. The
( air quality of an urban environment depends upon:

1. The ability of the environment to disperse, transform, and
remove pollutant loadings generated by urban land use acti-
vities, i.e., the carrying capacity. '

2. Pollutant source characteristics.
3. Background pollutant concentrations.

The capacity of the air basin over a region to disperse, transform and
remove atmospheric pollutants depends upon a variety of_factors, in-
cluding the amount and type of pollutants emitted, and meteorological
and topographical characteristics of the region.

Pollutant source_charactefistics include the quantity of emissions and
- the physical Tdcation and configuration of sources. Sources are gen-

( erally described as point; line and area sources. Point sources represent
major, identifiable sources within a‘region, such as industry or municipal
incinerators. Line sources represent emissions from motor vehicles
along principal highways and emissions from aircraft. Area sources
represent clusters of small, individual sources within a region such as
emissions from heating plants in residences and small buildings. Distinc--
tions are also drawn between direct and indirect sources of pollution.
Direct sources are those which emit pollutants as a result of activities
inherent in their operations (e.g., industrial facilities, housing
facilities, etc.). Indirect sources represent major facilities that
spawn various emission sources, such as transportation-related activity
at an airport or shopping center.

Source emissions are determined by land use category or source type,

level of activity or process rate, type and amount of fuel used, source
controls and activity schedules. These elements may be specified to
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greater detail depending on the type of land use or source type in-
volved. For example, for a given industry, its stack height and smoke
temperature would be specified. A source, such as a highway, may be
additionally defined as elevated, depressed or at-grade. Each of these
parameters contributes to the determination of pollutant source char-
acteristics.

Land use encompasses not only the type of activity intended for land
areas, but the physical interrelationship between and among various
activities and the type of ground cover on the land. Therefore, land
use affects both pollutant source characteristics and the ability of the
environment to disperse pollutants.

Background air pollution may be defined as that portion of the measured
ambient Tevels of a pollutant that does not result from anthropogenic
activities. Background concentrations may be relatively constant over
the planning area, or they may vary significantly within it. It is
generally not possible to determine future background pollutant Tevels
with a high degree of accuracy. Consequently, it is necessary to have
air quality data available with which to assess the air quality impact
of planning decisions relative to projected background air pollutant
Tevels.
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1.2 COMPONENTS OF AN AIR QUALITY PLANNING PROCESS

A fundamental determinant of emissions levels, and therefore air

quality levels, over which organizational/institutional control can be
exercised is the specification of land use. Land use activities,
including specific emission sources, can be associated with a rate of
pollution discharge. Specification of the types and amounts of resid-
ential, commercial, industrial and transportation activity will determine
the location, types and quantity of emissions. When these emissions
levels are consistent with air quality objectives, the original composition
of land use/transportation activities is also consistent with air quality
objectives. This linkage of land use/transportation/emissions/air quality
forms fhe basis for an iterative methodology for identifying alternate
urban conf1gurat1ons which are compatible with acceptab1e Tevels of air
quality.

In this way, p1anning for air quality will be simultaneously a constraint
and a directive‘for planning new development. Though air quality consid-
erations represent a limit on the freedom to designate amounts, types

and locations of land uses, it is ekpected that air quality impacts of
development wi11'be'considered'simu]taneous1y with other planning criteria
in designating future land use activities. This simultaneous cohsideration
of air quality can provide for meeting social/economic goals while en--
suring that hethh—pkotgctive Tevels of air quality will be attained and
maintained. | ' '

In order to ach1eve such an equitable and realistic ]eveT of air

. resources management, it is necessary to define, deve]op, and 1mp1ement

the following components within the air quality planning process:

1) a methodology for identifying and evaluating alternate urban
configurations for their air quality impacts:

2} guidé]ines, criteria, and standards which reflect applicable
laws and regulations and the priorities of the p]anning

jurisdiction;
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3)  the corresponding analytical tools to be utilized in the
methodology; and

4) the data bases needed to support the analytical tools.

The specific steps within a methodology for assessing the air quality
impacts of alternate urban configurations are a function of a myriad of
variables including the organizationai/institutional responsibilities in
the planning jurisdiction, the resources and time available, and the
severity of the air quality problem. Many generalized methodologies
have been proposed. The steps in these methodologies differ, but they
all have the common feature of an iterative procedure in which the air
quality impact of an alternative is not known until the assessment
methodology is completed. Another common feature is that some system-
atic procedure for introducing planning and program alternatives is
present.

Two of these methodologies are shown below. Figure 1.3 is from the U.S.
Environmental Protection Agency's Guidelines series for Air Quality
Maintenance Planning [5]. This proposed methodology emphasizes the
regulatory aspects of air quality management. Figure 1.4 shows a
different methodology [2] which emphasizes the planning activities of
air quality management. It should be stressed that these approaches are
not mutually exclusive; both conceptual models could be implemented
simultanecusly. The major point is that it would be pretentious to
present an idealized approach to air quality planning with an inference
that this 1s the approach. Rather, it is hoped that each governmental
entity will develop its own optimal orientation/methodology/participation
in air quality management activities.

The guidelines, criteria, and standards utilized in the evaluation
process are a combination of externally-determined and internally-
generated parameters (external and internal to the planning jurisdiction).
The National Ambient Air Quality Standards established by the U.S.
Environmental Protection Agency, which are discussed in Section 2, are
examples of externally-determined evaluation parameters.

1.8



AIR QUALITY STANDARDS
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Internally-generated evaluation parameters might include measures of
mobility such as transit travel times for certain services, percentage
of open space, or specific air quality impact assessment criteria.

While seehing1y unrelated at first, these parameters do interact in the
total system of the urban planning process. Examples of different air
quality impact assessment criteria are maximum concentration criteria
and total regional dosage criteria. Historically, air quality control
strategies have been evaluated by the maximum concentration which would
result from their implementation. This approach considers the air
quality only at one location in the planning area. An alternate approach
would be to consider the air quality for the entire planning area. This
approach would quantify the total population dosage throUgh a parameter
based on (exposure time X pb]lutant concentration X population). Such
an approach would require identification of the simultaneous geographical
distributions of population and air quaiity.

The basic set of analytical tools needed in any air quality planning
methodology is the same; however, the sophistication, complexity, and
resource requirements of these tools vary significantly as a function of
the methodology. The physical processes shown in Figure 1.2 determine
the elements of this basic set:

1) Identification and quantification of source activity,

2) Emissions assessment,

3)  Air quality modeling, and

4) Receptor impact assessment.
The data base fequiréments'for these tools a]Sq Vary significantly as a
function of the methodology. An important consideration is that the
data base requirements must be within resource and time constraints. These

data base requirements and the application of the associated analytical
tools become even more difficult, not to mention less accurate, for



future years. For this reason, confidence levels for emissions assess-
ments and air quality estimates should be identified where possible.
Unfortunately, the data base for identifying such confidence levels is
very Timited and this topic is not covered in this edition of this
report.

With regard to areas of air quality technical knowledge which need to be
improved, we must establish another common understanding. The utility

of improved technical information in the planning process depends to a
large extent on the philosophy of the planners and the level of accuracy
required in technical data and information. If we compare air quality
engineering tests and measurements with conventional engineering tests

and measurements {e.g., direct current electrical measurements), we find
that conventional engineering measurements and tests are defined with

very tight limits of accuracy in adopted standards such as those of the
American Society of Testing and Materials and the U.S. Bureau of Standards.

At the present time, many air quality engineering tests and measurements
do not have such high levels of accuracy. It is unlikely that such
accuracy is probable or even possible in the near future. However,
there have been significant changes and improvements in the technical
information available in the air quality planning process. This infor-
mation base will continue to evolve as data acquisition and research
programs continue.

Two implications of these factors should be emphasized. The technical
information base available now and in the foreseeable future provides

for good relative quantitative air quality assessments but not good

absolute assessments. Also, the information base is in constant evolu-

tion and the results of previous studies should be eva]uatedgjngliqbgh?f

the most recent information. A specific example of this is the in-
creasing evidence that the number of vehicle trips is more significant
than vehicle miles traveled in determining future-year motor vehicle

emissions due to cold start and hot soak emissions characteristics of
future-year vehicles.
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2.1 POLLUTANTS OF INTEREST TO PLANNERS

2.1.1 Definition of Air Pollutant

The term "air pollutant" has many possible definitions. A useful one is
to regard an air pollutant as a substance or substances added directly
or indirectly to the atmosphere by an act of man, in such amounts as to

affect humans, animals, vegetation,lor materials adversely. What is
classified as a pollutant therefore depends upon the recognition of

which substances cause adverse effects. It is an ever-changing definition.
Many centuries ago only soot and odorant gases were considered pollu-
tants. Now we recognize that pollutants can cause more subtle effects
than the soiling of clothing or disagreeable odors. Some gaseous pollu-
tants are oo1or1ess and odoriess, and particles too small to be seen can
adversely affect man. Even carbon dioxide may be considered a pollutant.

At the outset it would be well to dispel some confusion concerning the
difference between a‘poZZMtant and a contaminant. The current tendency
is to regard‘a_contaminant as anything‘addéd‘to the environment that
causes a deviation from the geochemical mean composition, i.e@,_what is
normally present. Thus contaminants are introduced'both by natural
sources, éuch as volcanic efuptions and forest fires, and by anthro-
pogenic sources,,thOSe associated with man's activities. Dust and
pollen are genefa]]y considered contaminants. Either could be classi-
fied a pollutant if it had even an indirect anthropogenic'origin and
were present in sufficient amounts to have an adverse effect. A deviation
from the natural composition of the environment need'not cause adverse
effects, and-therefore the label "contaminant" does not always carry the
odious connotation associated with the word -"pollutant.” In many
contexts, however, the words are synonymous‘fl].

2.1.2 Ambient Air Quality Standards

The pollutants of concern for Tand use planners are those for which
ambient air quality standards have been established and other toxic
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TABLE 2.1

AMBIENT AIR QUALITY STANDARDS

California Standards * National Standards®
Pollutany Avoraging Timae 5 . y
Concentration® Mothod? Primnrv:" d Socondnry 2.6 Muthod 7
Ouicant | hour 0,10 ppm ) Ultraviolat 160 ur),.'m-"l Game ax Chomiluming.cant
(Orone) ot (200 tl'l/m"') Phatomotry {0.080 ppm) Primary 5Std. Malhod
Carhon Monaxidae 12 haur 40 ppm 3
(10 mgfm-) -
Non-DRIspor sive N Sama a MNon-Dil«porsive
5 nour - Intrared 10 ma/m Primary infrarad
Spectroscapy (9 ppm} Standards Spoctrotcopy
t hour 40 ppm a a0 m"];"r\‘\J
(16 mn/m-) (Ju ppm)
100 ug/m Pr .
MNitremjon Dioxida Annual Averana -_— Saltzman [0.0%5 ppm} Same as oposiad:
Meothod Brimary ‘I\‘Andlﬂud J-H
Q.25 ppm i Srandards Baltzman (Qy corr.}
I heur (4760 wyymIy - s Chamitumine.cant
. ) _ U0 ug
Suliue Oloxldo Annual Averagqe (0.0.3 ppm)
- 3
-4 bour 01%4: zﬁ;“na, Conductimotric J(;";:Wn;) - Pararganhion
(108 uas Mothod (0.14 pp Mot hod
1 1300 ugsmI
J b p— - (0.5 ppm)
0.4 ppm
1 hour (1310 u'j/m") —_ —_
G pe Annual Gaomatrig r
":.; pendd Moan 60 uq/md 7% uy/m?d 60 w3
articulatn High Volume ) High Velumea
Matter Sampling Sampling
24 hour 100 ug/m?3 260 unsm3 150 ua/m3
Sullaton 24 howur 2% uq,fm3 AlHL Mo?hod —_ — —_—
No. 6l
L.oad 3O Day
. . 3 AlHL Mathod _ —_ -
Avoragae LY ua/m No. 54
. Cadmlum
Fydrogen Sulfide | hour 0.03 pom Fydroxidn
(a2 ur]jrnJ] Stractan - - -
Mathod
Flydrocarbone. - Samo at Ftama lonization
. 3 5
(Corractad ror (JG““)’”' | - - 'l;“?w:"”'"‘ Primary Dotaction Usina
Methanea) Ay {024 ppm) Standards Gaz Chromatoaraphy
Cthylane N nour 0.1 ppm
I hour 0.5 ppm
Vinibiity L obwrvation In sufficiont amount to ()
Hoducing roducae the pravalling visibtlity — — —_
Particle Lo lgss than 1O miles whon the
rolative humidily is loss than 70%
NOTES:
1. Culifornin standards aro valuus that are not to be equaled or axceedoed, 6. Naotional Socondury Standardi: The levels of air quality necessury to
protect the public wolfore from any known or anticipatid vdverse
2. Nationad standards, other than thoszo based on annual averages or annual affects of o pollutant, Each $tate must Sttain the socondary standards
Quomaetrse means, are not to be exceeded more than once par yuar, within 2 “reasonable time” after implemontation plan i approved by
3. Concentranion expressed first in umts in which it was promulgated, the EPA,
Equwalent unmits given i purenthesos are buasod upon a roferenee 7. Quferenca muthod as described by the EPA, An “uquivalent method” of
temperature of 259C and a refurence pressure of 760 mm of maorcury, moessuremant may be used but must have o “consistent relationship to
All measuremants of aie quality arg to bo corrected to a reference tha referance mothod'’ and must b spproved by the EPA.

temperature of 250C and a roforinge prossure of 760 mm of Hg ) o ; Lo o
(1.013.2 milhbar); ppm i this table refurs 1o ppm by volume, or B. Provailing vimbility i1 defined as the greatost visibility wh:ch 13 nttained
micromoles of pollutant per mole of qus, or surpazzed wround at least hall of the horicon circle, but not
nly in CONUNUOUS SGEtors,

4, Any cgurvalent proaedure which can be shown e the witis won of tha
Aar Resources Boord 10 give equivalent results at or neor the Jovel of the
e quality standard may b used

Natonal Primary Standards: The levels of air quality necosary, with an
adeqguate margin of <afety, to protact the public bealth, Each stare must
At the primary standoreds no later tham threee yaars aftoe that .t
moplmentation plao e appeowid by the Environmental Proteaction
Adqency (EPA)
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substances emitted by specific industrial sources. The principal
pollutants and the corresponding federal and state air quality standards
are shown in Table 2.1.

Air quality standards are of two categories:

1. Standards based on health. These standards are based on
research studijes which guantitatively relate air poliution
exposure to detrimental health effects.

2. Sténdards based on aesthetic values and the protection of
property. These standards are to a certain degree subjective
and must reflect the judgments of the commuhity in which they
are appliied.

There are a number of pdtentia11y harmful substances for which no
standards can be recommended at present because of insufficient know-
ledge. In two instances, particulates and visibility, standards have
been adopted despite severe limitations of knowledge because they-are of
such great and immediate concern to the public; add1t1ona] studies in
these and other fields are urgently needed.

There are two'fypes of federal air quality standards, primary and
secondary. Primary standards are established for the protection of the
public health. nSecondary standards are established for the prbtectioa
of the public welfare, including protection against(known or anticipated |
effects of air pd11utidn on property, materials, climate economic
values, and persona] comforf) The federal primary standards were re-
qu1red to be achieved by May 1975. A two-year extension to 1977 has
been granted for selected Air Quality Control Regions (AQCRs) in the
nation. The federal secondary standards are to be achieved "within a
reasonable time." The California State air quality standards were set
as air quality goals with no specified date for achievement.

There are two common1y used systems of units for air quality standards.

The California Air Quality Standards for gaseous pollutants are given .
in terms of parts of pollutant per million parts of air (ppm) or parts of
pollutants per hundred million parts of air {pphm). This is a volume per
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unit volume measurement. The National Ambient Air Quality Standards are
given in terms of micrograms of pollutant per cubic meter (ug/m3) of

air. This is a mass per unit volume measurement. Both the ppm and

ug/m3 measures are appropriate indicators of gaseous pollutant concen-
trations. However, particulate matter has other characteristics which are
important that are not conveyed by a "ppm" reference.. Particle size,
chemical composition and synergistic effects are examples. Consequently,
both3state and federal standards for particulate matter are in terms of
ug/m7).

The following equation converts the concentration of gaseous pollutants
recorded in micrograms per cubic meter to parts per million by volume
based on a reference temperature of 25° C. and pressure of 760 mm of
mercury (standard atmospheric conditions).

ppm = pg/m° (0.0245)
M.W.

Where,
ppm = Concentration of pollutant in parts per million by volume
ug/m3 = Concentration of pollutant in micrograms per cubic meter
M.W. = Molecular weight of the pollutant
1 Lg/m3 = 1076 gms/m3

The process for establishing an air quality standard at the federal level
includes documentation of effects of the pollutant, relevant research
activities, and monitoring techniques in a publication entitled Air
Quality Criteria. Air Quality Criteria documents for photochemical
oxidants, carbon monoxide, hydrocarbons, particulate matter, sulfur oxides,

and nitrogen oxides have been published and are available from the
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Environmental Protection Agency [2]. Complementary documents on control
techniques for these pollutants are also available [3].

The air quality standards are based on the dosage cohcept of air pollu-
tant exposure. The dosage of an air pollutant experienced by a receptor
depends on the duration and the concentration of the air pollutant. For
example, each -standard is given in terms of a certain average concen-
tration of pollution experienced for a given duration (See Table 2.1).
The air quality standards consider the dosage levels (i.e., the time and
concentration) for the respective pollutants at which detrimental effects
have been documented. The federal standards include safety margins in
that the dosage levels of the standards are below that at which effects
have been documented. - '

The present Tevels specified in the primary National Ambient Air Quality
Standards have been the source of tremendous controversy. One area of
this controversy concerns whether the standards represent the "true"
Tevels of air‘pqllution that are damaging to the public health. A study
by the National Academy of Sciences [4] specifically addressed this

-question. The following excerpts are from that study.

Due to the limitations of present knowledge, it is impossible at
this time to establish an ambient air concentration of any pollu-
tant--other ‘than zero--below which it is certain-that no human
beings w111 be adversely affected.

Present knowledge of hea]th effects appears to afford no
compelling basis for- suggestions to either raise or Tower the
currently mandated primary air qua11ty standards at this
time.

The present standards rest upon the best judgments which could

be made of effects observed under far from ideal observing or
experimental .conditions. The impressions gained from the
collective presentat1ons and attitudes of those who participated
in the conference is that, from the standpoint of health consider-
ations, it would be prudent to retain the present standards until
a substantial body of research provides much better evidence than
any currently available to indicate that the primary air quality
standards should be either relaxed or made more stringent. This
conservative view is fostered by emerging data that suggest that
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observed adverse health effects may arise in considerable part

not only from interactions of body tissues with the primary

pollutants but with unidentified reaction products generated by

complex chemical events in the atmosphere or indeed within the

lung.
The present body of knowledge supports the current primary standards and
thus places air quality planners in a position unique to environmental
planners. The air quality standards provide an absolute quantitative
parameter which planners can use to evaluate alternate land use/trans-
portation patterns. The evaluation process js a multi-step, complex
procedure that is undergoing constant evolution but the end result is a
number which allows comparison of alternatives against a predetermined
objective.

2.1.3 Air Pollutant Categories

There are several distinctions made in the identification of air pollu-
tants. One distinction is between primary pollutants and secondary
poliutants. Primary pollutants are those pollutants that are emitted

directly from sources. Carbon monoxide, hydrocarbons (organic gases),
oxides of nitrogen, sulfur dioxide, and particulate matter are primary
pollutants. Secondary pollutants are those pollutants_formed by chemical
and photochemical reactions in the atmosphere. Both primary and secondary

pollutants participate in these reactions. Photochemical oxidants and

nitrogen dioxide (NO,) are the principal secondary pollutants. Some

particulate matter and hydrocarbon (organic gas) species are also
generated by photochemical reactions in the atmosphere and are secondary
pollutants.

Another distinction in air pollutants is made between stable and unstahle

pollutants. Stable pollutants are those that do not participate %o a
significant extent in chemical or photochemical reactions jn the atmos-
phere. Carbon monoxide and most particulate matter are considered to

be stable pollutants. Unstable pollutants partigcipate in chemical or
photochemical reactions in the atmosphere, Oxides of nitrogen (principally
NO and NOZ)’ photochemical oxidants, and most hydrocarbons and considered
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to be unstable poliutants. (Stable and unstable pollutants are sometimes
described as conservative and nonconservative po11utants) respectively.

The photochemical reactions mentioned above are part of a complex, multi-
step process' through which primary and secondary pollutants, in the
presence of ultraviolet radiation (sunlight), produce photochemical
oxidants. A very simplified representation of this process is shown

in Figure 2.1. |

Figure 2.1

Ingredients of Rhotochemica] Process .

e

.”§§%

Solar radiation

Organic
compounds

l

Photochemical oxidant is the designation given to a wide variety of
products of photochemical processes. Photochemical oxidénts include
ozone (03), members of the peroxyacyl nitrate family (PAN), hydrocarbon
radicals, and certain aerosols. 0zone is by far the largest component
of photochemi¢a1 oxidants.
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The organic compounds shown in Figure 2.1 represent the hydrocarbon
species that participate in the process. However, the term hydrocarbon
1s not completely correct. "Hydrocarbon" usually refers to a compound
comprising only hydrogen and carbon atoms. Some hydrocarbon species
that participate in the photochemical process contain oxygen atoms in
addition to their hydrogen and carbon atoms. These compounds are called
oxygenated hydrocarbons. Two oxygenated hydrocarbons that are very
reactive in photochemical processes are the aldehydes and ketones. The
alcohols are examples of oxygenated hydrocarbons which are not important
in the atmospheric photochemical process since they are not emitted in
comparatively great quantities into the atmosphere.

The term "hydrocarbons" is commonly used to wmean all organic compounds
but because of possible misunderstandings, the term "organic compounds"
or "organic gases" is being used more frequently.

The reactivity of organic gases in photochemical processes js_another
criteria for categorizing pollutants. Not all organic gases participate

at the same rate or to the same extent in the process. As a result, a
distinction is made in the reactivity of organic gases. In a summary of
emissions for study areas, emissions of organic gases are usually given
in terms of total organic gases (TOG) and reactive organic gases (ROG).
This emissions summary may also be given in terms of total hydrocarbons
(THC) and reactive hydrocarbons (RHC) but again, with this latter ter-
minology, the possibility of a misunderstanding exists.

The reactivity of organic compounds is a very important consideration in
emissions assessment ahd strategy development. If all organic gas
emissions from a given source or source category were nonreactive, there
would be no value in controlling those emissions if the objective was to
reduce photochemical oxidants. If there were two principal source
categories in a study area (e.g., mobile and stationary sources)}, it is
important to know the proportion of reactive organic gases emitted by
each source category in order for regulatory and planning agencies to
develop optimal strategies.
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Reactivity factors have been developed for the more cohmon source

categories used in emissions assessments.. (There are many more source
categories than. just the mobile and stationary categories given in the
example above,)_‘A reactivity factor that considers the characteristics
of each category .is used to determine what percentage of the total _
organic gas emissions are reactive. The ROG and TOG emissions are then

~summed for all the source categories to give the total ROG and TOG

emissions for the study area. A more detailed discussion of reactivity
of organic gases is presented in Section 3.1.2.

A summary table of acronyms for pollutants and chemical compounds is
given in Table 2.2 for future reference.
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TABLE 2.2

ACRONYMS AND SYMBOLS FOR
POLLUTANTS AND COMPOUNDS

0G - Organic Gases

T0G - Total Organic Gases

ROG - Reactive Organic Gases

THC - Total Hydrocarbons

RHC - Reactive Hydrocarbons

NOx - Oxides of Nitrogen

NO - Nitric Oxide

NO2 - Nitrogen Dioxide

SOx - Oxides of Sulfur

502 - Sulfur Dioxide

TSP - Total Suspended Particulates
PM - Particulate Matter

0x - Oxidants

O3 - Ozone

co - Carbon Monoxide

CO2 - Carbon Dioxide

Pb - Lead

HZS - Hydrogen Sulfide

H2504 - Sulfuric Acid

XS05/XS0, - Organic and Inorganic Sulfates
PANs - Peroxyacyl Nitrates (A Family of Poliutant Types)
PPN - Peroxypropiony!l Nitrate

PBZN - Peroxybenzoyl Nitrate

PAN - Peroxyacetyl Nitrate



2.2 SOURCE TYPES AND ASSOCIATED EMISSIONS

2.2.1 Anthropogenic and Natural Sources and Emissions

It is a popu1ar.misc0nception that almost everything present in the
earth's atmospheré,_except nitrogen, oxygen, and a few inert rare gases,
is an air pollutant or the remnant of pol]utidn activities. This is not
the case. There are sources in the natural environment of a wide
variety of gaseous and pdrticuiate materials which are commonly classed
as air poliutants when they are emitted by anthropogenfc (man-made)
sources. In addition, the atmosphere possesses a number of mechanisms
which act to remove, sometimes at a quite rapid rate, most if not all of
the materials emitted into it.

It is also obvious that while these atmospheric scavenging and dis-
persion mechanisms are quite effective, they can be overburdened by
excessive emissions occurring in relatively short periods of time or in
Timited geographical areas. The gradual accumulation of carbon dioxide
in the atmosphere is a case where the available g]obal‘environmenta1
scavenging mechanisms are signifﬁcantly lagging behind the pollutant
emission rate. On a much smalier scale, the air po]lution problems in
major urban areas are examples of s1tuat1ons where the po11ut1on emission
rate ser1ously overburdens the scaveng1ng and d1spers10n processes

within these urban areas [5]

On a relative scale, natural emissions of most pollutants are much
greater than emiSSiohs from anthropogenic sources. Table 2.3 indicates
that global emissions related to man's activities are less than global
natural emissions for all pollutants considered except for sulfur
dioxide (502) and carbon monoxide {CO).
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2.2.2 Classification Systems and Statewide Emissions Summary

The c]assificafion system used to identify source categories depends on
the objectives and methodologies of the emissions assessment and also
the agency performing the assessment. If the emission assessment is
being prepared for air quality modeling purposes, sources are classified
by their physical configuration such as point, line and area sources.
The classification systems used by most regulatory agencies are based on
~the division between statjonary and mobile sources.

C]assification‘system differences, while rarely significant, do create
compatibility problems with different emissions.data'basesr The source
categories used by the Air Resources Board are shown in Table 2.4, which
presents an emission assessment summary for the State of California for
1973. S '

The relative contr1but1ons of pollutants from these different categor1es
are given for the State for 1973 in Figure 2.2.

2.2.3 Mobile Soufces

2.2.3-1 Motor Vehicles ~

The motor vehicTé'category comprises 1ight duty trucks and passénger
vehicles, gaSoiipe-poWered heavy duty vehicles, diesel-powered heavy

“duty vehicles, and motorcyc1es. Motor vehicles are major contributors
of three of theffive'pol1utants, as shown in Figure 2.2 and Table 2.4.

The pollutants of interest emitted by mofor yghjglgsLarg; grganic gases

(0G), also called hydrocarbons (HC),-ggzhgn_mgnnxidgy(tO), oxides of

ni;xggen-(NOx),.particu]ates and oxides of sulfur (SOx). Hydrocarbons
and carbon monoxide emissions result primarily from incomplete combusion
of the fuel. ‘dHydrocarbons are also emitted by(evaporation from the fu;?
system and by the passage of combustion gases by the piston rings to the
crankcase dur1ng the compression strokey The vapors are then released
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TABLE 2.4
CALIFORHIA SUMMARY
avERAGE ENISSIONS OF FOLLUTANTS-1973
CTOHS PER BAV)
FEE, 25, 1476 PRELIMINARY DATA - SUBJECT TO REVESION
STAT LOUASY SOURCES ROG TG PART.”  HOX g2 o

FETROLELE . - ' ‘
PRIV Tl 365 2.9 4.5 .
RES LIING 131 11.1.- 49.2- 129 123
NARKETIH: 377 16,9 .
© SUBTSFRL 874 1t.1 5t.2 123 123

ORGRIIE SOLYENT YZERS
SURFARE CORT NG 42¢ 14.3
BRY CLERIING 63.1 .

DECRERSING 135
OTHES 319 2.0
SUGTOTRL 947 23.3

THENILAL 61.8  62.7 12.3 215 5TE

HETALLURG ISAL 0.4  22.4 2.8 76.5 6.9

NENEERL 2.6 463 7.7 343 231

FODD NHE AL PROCESSING 16.5  22.3 5.3

PESTICID 44.8

HODD PROCESSING 3.0 - 41.2 :

ClJlIEJoI’IGH OF FUELS
FOHER FLANTS . 15.3  45.2 357 291 41.1
OTHER IHDUSTRLAL 63.0  7i.5 523 327 675

- DOHESTIC RAD COHHERDIAL 22.8 ° 3%.1 133 3.6 93.3
ORCHARD MENTERS 29.2° 5.4 .. 9, 2.2 3.7

SUBTOTAL 136 163 .10z 623 814

HASTE BURHING ' | '

. RGRICULTURAL BEERIS 172 72.5 2.8 2.1 289
FOREST MAHASEMENT 43.9°  18.6 2.0 8.1 = 71.9
RANGE THPROYEMENT 77.2 - 32.8 3.3 8.5 126
DUNF3 9.5 4.3 2.5 22.5
COHICAL BURNERS 3.5 32,5 5.4 345
HHC THERATORS 3.3 - 3.7 1.8 8.2 13.1
OTHER 21.3 10,4 1.5 8.7 . -51.8

SUBTOTAL 353 75 24.5 3.6 ° 910

MISCELLANEQUS ARER SOURCES u
$ILR FIRES ‘135 162 6.2 452
STRUCTURAL FIRES 52.4 . 39.5 2.2 172
FRRMIHG GFERATIONS . 323 :
CONSTR. BHD DEMOL. - 37.3 .
UHPAYED ROADS 183 e :
UTILITY EQUIP: HOUERS ETC 43,6 . 0.8 2.9 . 308
~ . SUBTOTAL 231 e85’ - 11.3- 932 -

-TOTALs STET TGHARY 2666 ' 1678 1149 1098 - 3499
MOBILE: SOURCES

HOTOR YEHICLES-OM ROAD :

LIGHT~IMSTY YEHIGLE EXH 1020 ‘155 1280 . 37.2 11209
HERAYY DUTY VEHICLE EXH 300 © 22.5 285 6.9 2339
HERYY-DUTY DIESEL ENH .5z2.8 18.4 440 31.7 - 263
MOTORCYCLE EXH 60.6 8.8 | e.7 8.1 194
EVAFORAT LGt1 457 - :
CRANKCASE 44.5

SUBTOTAL 19¢0 197- 2000 ?5.9 14000

JET AIRCRAFT -63.2°  30.1  49.4 8.8 171

PISTON AIRCRAFT 56.8. 2.7, - 6.8 0.5 410

RAILROADS | 33.6 9.7 114 . 1s.8  41.8

SHIP3 o 8.6 8.9 84.6 71.2. 42.5

OTHER OFF-ROAD YEHICLES 162 21.6 227 34.2 1219

. TOTAL» MOBILE 2290 2re 2438 209 15940

-an:::::::::::::::::::: T TRASISSEEZ==s ==.———-—-_.___,_:g:::,—__—_-:::,—_-::l:::::

TOTAL. ALL SOUPLES *4950 19480

. 1940 3620 1299
Reference: Air Resources foard Emtssions Inventory Unit - :



TABLE 2.4
CﬂLIFORH[ﬂ SUMHAR'Y
AVEFACE EMIISIONS OF FOLLUTHNTS- l"?J
(TO“J FER DAV

FEG. 25, 1976 PRELININARY DATA - SUGJECT TO REVISION
STADOHASY SOUIRCES FOG T FHET MM 82 CcaQ
FETROLEL .
PRIDUCT £ ard 366 2.9 4.5
RES LHILins 131 1.1 49.2 129 123
MERNET M. 377 5.9
SUET3TRL 874 11.1 s1.2 123 123
OEGHAIC SOLVENT YZERs
SURFHCE CAmt LHes 42 14.3
RV CLERALLG 63.1
YENPERSING 135
OTHES 319 2.9
SUC TaTHL 947 23.3
CHEN AL 61.3 62.7 12.2 215 508
METALILUES [SAL 0.4 23.4 2.9 76.5 6.9
HINTRAL 2.6 469 7.7 34.3 22t
Fonn NI A% PEOCESSINHG 16.5 2.3 5.3
FESTICIDES 44.0
HaGD PROCE $S ft; 3.0 41.2
CUIIBJQTIIJH Or FUELS .
FOMER FLHNTS - 15.3 45.2  3s7 291 41.1
OTHER IHDUSTE LAL 63.9 7i.5 S22 327 . 675
BOHESTEC AHD COHHERTLAL 22,8 39.1 13 3.5 93.3
ORTAARD HENTERS 2a.2 6.4 9.1 2.2 2.7
SUBTOTAL ‘ 136 163 1929 623 314
MASTE SURNING ' .
AGRIVCULTURHL DEEEL3 172 72.5 2.0 2.1 232
FOREST MAHAGEMEHT 43.9°  18.6 2.9 0.1 71.9
RAMGE [HPRUNEMENT 77.2 32.3 3.3 9.5 126
DUNFS 9.5 4.3 2.5 22
CUHTEAL BURHERS 38.5 32.5 5.4 345
(NCINERATORS 3.3 3.7 1.2 9.2 13.1
OTHER 21.3 18.4 1.5 3.7 51.8
SUBTOTAL 358 175 24.5 3.6 919
MISCELLRUEDUS AREA SOURCES o
MILD FIRES 135 . 102 6.2- 452
STRUCTURAL FLRES 52.4  39.5 2.2 172
FARNIMNG OPERATIONS | : 323
COHSTR. AHD DEMOL. 37.3
BHEAYED ROADS 103 R
UTILITY EQUIP:MOHERS,ETC 43.6 0.8 2.9 398
" SUBTOTAL 231 605 11.3 932
TOTAL, STAT TIHARY 2568 1670 1149 1099 3490
MOBILE: SOURCES
MOTOR VEHICLES-0H ROAD
LIGHT-0LTY YEHICLE ENH 1929 155 123 37.2 11209
HEAYY DUTY YEHICLE ENH 300 22.5 285 5.9° 2330
HERYN-DUTY DIESEL EXNH 52.9 13.4 444 31.7 263
MOTOECVCLE ENH 60.6 3.3 9.7 8.1 194
EVAPUENT LGt 457
CRAHEASE 44.5
SUETOTRL 1960 197 2000 735.9 14000
JET RIFCRAFT 63.2 39.1 49. 4 8.8 171
PISTON ALRCERAET 50.8 2.7 6.8 9.5 410
RATLROADS 33.6 9.7 114 i2.0  41.a
SHIFS3 8.6 3.9 24.6 71.2 42.6
OTHER OFF-EQRD YEHICLES 162 21.6 227 24.2 1219
TOTAL, MOBILE 2290 270 2429 289 15990
o e e e e e g g e b T b e Ry e e T T T
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into the atmosphere from the crankcase. Crankcase emissions are assumed
negligible for 1963 and later Tight duty vehicles due to the Positive
Crankcase Ventilation (PCV) valve control device installed on these
vehicles. Emissions of oxides of nitrogen result when the nitrogen

(NZ) in the atmosphere breaks down at the high temperatures experienced
in the combustion chamber of an engine, and reacts with oxygen (02) to
form nitric oxide (NQO} within the combustion chamber. The lead anti-
knock compounds added to gasoline cause the majority of the particulate
mass-emissions from gasoline engines. The emissions of oxides of sulfur
are a function of the sulfur content of the fuel. Control techniques
utilizing catalysts result in emissions of sulfates instead of 502- The
basic combustion process causes the fuel sulfur to be oxidized to 502.
Control techniques utilizing catalysts result in some of the SO2 being
further oxidized to sulfate. The impact of these emissions is currently
under investigation.

2.2.3-2 Aircraft

The aircraft category includes piston-engine powered aircraft and turbine-
powered aircraft. The pollutants from piston-powered aircraft are the
same type and relative concentrations as gasoline-powered motor vehicles.
Turbine-powered aircraft emit the same pollutants but with greater
relative emissions of oxides of nitrogen.

2.2.3-3 O0ff-Road Mobiie Sources, Trains and Ships

Off-road mobile sources comprise snowmobiles, dune buggies, farm equipment,
off-road motorcycles, and off-road construction equipment. The poliu-
tants emitted by these sources (except for construction equipment) are
those typical of gasoline-powered internal combustion engines. Con-
struction equipment is usually diesel or fuel o0il powered and has higher
relative emissions of particulates and oxides of nitrogen. The majority
of rail lTocomotives are also diesel powered and have the same emission
characteristics of high particulate and oxides of nitrogen emissions as



, -

diese] powered motor vehicles. Fuel 0il is the primary fuel used in
vessels powered by inboard engines. Steamships are ships with steam
turbines driven by external combustion engines (boilers). Motor ships
have internal combustion engines usually operated on the diesel cycle.

2.2.4 Stationary Sources

2.2.4-1 Point Sources

Point sources are those sources which are considered on an individual
basis due to the quantity or nature of their emissions.  The majority

~of air pollutants from stationary sources are emitted by point sources.

Examples of point sources are petroleum refineries, cement factories,
power generating facilities, and steel mills. Power genérating facili-
ties are normally dealt with as a special type of stationary source.

Point sources can emit significant quantities of any of the five major
primary pollutants and also other toxic materials. The emission char-
acteristics of individual facilities varv widely and each facility must
be examined individualiy to determine its contribution to an area's
poltution problem. Table 2.5 Tists several major point seurce cate-
gories, identifies the related proceéses which result in emiésions'and
indicates the major pollutants emitted by each type of facility.

As outlined in the Federal Register, November 25, 1971, 51.1(K), the
U.S. Environmental Protection Agency has defined a point source as:

(a) any stationary source causing emissions in excess of
100 tons (90.7 metric tons) per year of any pollutant for
which there is a national standard in a region containing
an area whose 1970 "urban place" population, as defined

by the U.S. Bureau of Census, was equal to or greater

than 1 million, or (b) any stationary source causing
emissions in ‘excess of 25 tons (22.7 metric tons) per

year of any pollutant for which there is a national
standard in a region containing an area whose 1970 "urban
place” population, as defined by the U.S. Bureau of Census,
was less than 1 million, or (c) without regard to amount of
emissions, stationary sources such as those listed in
Appendix C to this part.



TABLE 2.5

MAJOR POINT SOURCE TYPES AND

ASSOCIATED POLLUTANTS

SOURCE

EMISSIONS PRODUCING PROCESS

MAJOR POLLUTANTS

Power Plants

Refineries

Cement Production

Organic Solvent

Usage

Steel/Metal
Production

Glass Production

Ceramics/Clay
Production

Fuel Combustion-Boilers/
Turbines

Fuel Combustion-Boilers
Storage & Distribution

Fuel Combustion-kilns
Rock Crushing

Storage/Distribution/
Use-Evaporation

Fuel Combustion-Hearths
Metal Formation

Fuel Combustions-Melter

Fuel Combustion-kilns
Clay Mining

NGx ,

NOx,

NOx,

NOx,

NOx,

NOx,

SOx, 0G,
TSP

SOx, TSP, CO
0G

SOx, TSP
TSP

0G

SOx, CO, TSP

TSP

SOx, TSP

S0x, TSP
TSP




Also included in a definition of point sources are the sources included
in a permit or registration system already maintained by an air regula-
tory agency. '

In California, most local air poltution control districts utilize a
Tower cut-off level such as 25 tons per year to identify point sources.
In several districts such as the Los Ange1e$ County'Air Pollution
Control District, sources emitting only one ton per yeak are classified
as point sources. |

2.2.4-2 Power Generating Facilities

Only power generating facilities which utilize fossil-fuels contribute

sjgnjficant1v to the'air pollution problem in Californija. Geothermal

facilities can emit considerable quantities of hydrogen sulfide (HZS)

but the impact is usually localized. The direct effect of muclear . and

hydroelectric facilities on air guality is minor.

Fossil fuel-fired faci]itfes burn natura]lgas,-011 oh.coé1. when‘
combusted, a1T;of these fuels produce significant amounts of pollutants.
Fuel o1 and?cba1:contain varying amounts of ash (0-11%) and sulfur
(0.1-4%) which aré’emitted as particulate matter and sulfur oxides upon
combustion of the fuel. Depending on the pollution controls utilized,
generating facilities using these fuels can be major sources of oxides
of sulfur énd particulates. The combustion of all three types of fuel
results in the emissions of large amounts of oxides of nitrogen. The
nitrogen‘oxides,afe formed in power p]ants by the same‘mechanism as in
motor vehicles. The nitrogen (N2) in the atmospheric air used to combust
the fuel breaks down at the high temperatures experienced in the com-
bustion chamber‘bf a boiler, and reacts with oxygen (02) to form nitric
oxide (NO) within the boiler. In addition to the N, in atmospheric air,
substantial NO may be formed from organic nitrogen contained within some
fuels [6]. This nitrogen is called fuel-bound nitrogen.
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To date only natural gas and oil-fired plants have operated in Calif-
ornia. Until recentiy Californa's natural gas supplies have been
sufficient to satisfy much of the demand of the State's utilities. In
the Tast several years, however, there has been a significant decrease
in the supplies of natural gas available for use in California. The
utilities now must rely on low-sulfur fuel oil for the majority of their
operation. Current projections suggest that very little natural gas
will be available for power production. In future years the avail-
abiTity and cost of Tow-sulfur fuel 0il is also in question. Given the
uncertainties of the State's supplies of o0il, the possibility exists
that coal fired generating facilities may be built in California. Coal-
fired facilities are currently supplying power to California but are
presently Tocated outside of the State.

2.2.4-3 Area Sources

Area sources are groups—of soyrces which individually do not _emit sig-

nificant amounts of pollutants but which, upon agqreqation. make an

— )
appreciable contribution to an area's emissions. Area sources include
both mobile sources and stationary sources. Examples of area sources

are motor vehicles operating on surface streets, residential home heating,
forest fires, and agricultural operations. Table 2.6 lists several
types of area sources along with their principal emissions.

Typical area source emissions are organic gases, particulates and oxides

of nitrogen in significant quantities and carbon monoxide and sulfur

oxides 1in relatively minor amounts. In highly industrialized and urban-
ized areas, point sources are the dominant sources of poliutants. In

the San Francisco Bay Area Air Basin, point sources contribute approximately
80% of the stationary source emissions of particulate matter, while point
sources in the San Joaquin Valley Air Basin emit approximately 50% of

the particulate matter due to stationary sources.

2.2.5 Indirect Sources

An indirect source is defined as a facility, building. structure—er
ingtal]ation which attracts or may attract mobile source activity that
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TABLE 2.6

MAJOR AREA SOURCE TYPES AND
ASSOCIATED POLLUTANTS

Source

Major Pollutants

> T VST AN |

Motor Vehicles
Agricultural Operations
Unpaved Roads
Residential Home Heating
Fires

Agrfcultura]

Forest

Structural
Pesticides‘:
Utitity Equipment

Construction and Demolition

0G , NOX, Co, SOX, TSP
TSP*

TSP*

0G ;_NOx

0G ;3 CO; TSP

06
0G , Nox,'co, TSP’
| ©Topx

*Does not include related vehicular emissions
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results in emissions of pollutants, The major sub-categories identified

by the Environmental Protection Agency in their efforts to implement the
indirect source regulations [7] are highways, airports, and facilities
with parking facilities. These regulations have since been suspended by
the Environmental Protection Agency. However, from an air quality/land
use/transportation planning perspective, their significance is well
recognized and extends beyond the three cateqories mentioned above. The
definition and categories first identified by the EPA [8] give a better
indication of the significance of indirect sources which were defined
as:

A facility that has or leads to secondary or adjunctive activity
which emits or may emit a pollutant for which there is a national
standard. These sources include, but are not Timited to:

) Shopping centers:

) Sports complexes:

) Drive-in theaters;

) Parking lots and garages:

) Residential, commerical, industrial, or
)

)

)

e
OV G DN -

institutional developments;

Amusement parts and recreational areas;
Highways;
Sewer, water, power, and gas lines

p—
o~

and other such facilities which will result in increased emissicns
from motor vehicles or other stationary sources. {Emphasis added.)

Within the brbader definition of an indirect source, it is seen that the
pollutants associated with an indirect source depend on the sub-category
and that these sub-categories cover all the source types previousiy
discussed.
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3. ASSESSING AIR POLLUTANT EMISSIONS

3.1 ESTIMATING SOURCE EMISSIONS

3.1.1 Introduction

The identification of sources of air pollutants and the estimation

of their emissions, coupled with local meteorological and air quality
data provide the basis for a plan of action for improvement of air
quality. The emissions assessment is a vital element in the abatement
of emissjons and in subsequent improvements in air guality.

Since an emissions assessment defines the sources of air pollution
relatively and quantitatively, it is one of the most important planning
tools avai1ab1e in air-quality planning. The assessment provides infor-
mation_concerning source emissions and defines the Jocation, magnitude,

frequency, duration, and relative contribution of these emissigns. It

can be used to measure the success of implemented control strategies and

to point to future requirements. An emission assessment can be used to
assist in the design of an air sampling network, to aid in predicting
ambient air qua]ity, to aid in the design, evaluation, or modification of

a control program, and, in conjunction with a source permit or registration
system, to provide up-to-date information on major sources of pollution,

The optimal emission control strategy for a specific air pollution problem
is dependent upon an adequate assessment of the nature and extent of the
pollutign in the region involved. This assessment includes an evaluation
of existing levels of control and the probable increase in source emissions
resulting from urban and economic growth. THE EMISSIONS ASSESSMENT
INDICATES THE MAJOR CONTRIBUTORS (MOTOR VEHICLE, INDUSTRIAL, ETC.) AND
THIS INFORMATION, IN TURN, DIRECTS THE THRUST OF CONTROL EFFORTS. After
the control strategies have been developed, they can be tested with the

aid of an air quality simulation model or other systematic, quantitative
procedures to determine which strategies are capable of bringing about
acceptable air quality as defined by national or state ambient air quality
standards [1].
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Section 3. outlines methodologies for estimating base year and future
year emissions of air pollutants. Technical assumptions and factors
affecting emission assessments are discussed.

The air pollutants considered in the methodologies are total organic
gases, reactive organic gases, carbon monoxide, oxides of nitrogen,
oxides of sulfur, and particulate matter. The categories of emission
sources considered are Tisted in Table 3.1. Table 3.1 also Tists some
parameters and types of emission factors which can be used to estimate
emissions from each source category.

Since there are usually several different parameters for most sources
and some sources have alternate parameters, the methodology for each
princival source category is described separately in the following
subsections.

The available resources did not provide for the development and refirement
of methodologies, techniques, and emission factors specific for long-
range (20-year) emission estimates. Consequently, only currently avail-
able techniques are identified in this report. These techniques were

not developed for long-range emission estimates but for short-term (5-10
year) estimates. They are appropriate for Tong-range projections at

this time in the absence of more specific and appropriate long-range
factors. Current methodologies need to be modified to provide improved
long-range estimates of emissians for a variety of reasons. Some signifi-
cant reasons are: 1) the inability of current methodologies to identify,
quantify and forecast the impact of technological developments on emissions:
2} the inability of current methodologies to accommodate significant
shifts in the utilization of alternate transportation modes in a pollutant
specific fashion, e.qg., private automobile to mass transit (bus or heavy
rail); and 3) shifts in the costs and availability of scarce natural
resources (e.g., fossil fuels, other mineral resources) which may cause
fundamental changes in affected industries, the economy, and society at
large.
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The development of techniques responsive to these and additional re-
quirements will necessitate a continued effort by individuals involved
in land use/air quality planning. It is the intent of this report to
identify the current methodologies and reference materials that will
provide the starting point for the development of these techniques.

3.1.2 Organic Gas Reactivity

Organic gas emissions in addition to oxides of nitrogen (NOx) are pre-
cursors to photochemical smog. Certain organic gases such as methane
react very slowly in the photochemical processes while other organics
such as olefins react more rapidly. Trijonis and Arledge offer the
following comments [41]:

Organic emission reactivity refers to the potential of an organic
to participate in atmospheric reactions which result in photo-
chemical smog. The particular smog symptom of interest here is
photochemical oxidant for which a short-term National Ambient Air
Quality Standard has been established. Oxidant producing potential
is known to vary widely among specific organic compounds. This
variation is significant because it introduces the option of
selective organic emission control as a possibly advantageous
alternative to the less flexible approach of indiscriminate control.

The question of relative reactivities of organic compounds has been
researched and debated vigorously 1in recent years. On October 10, 1975

the Air Resources Board established an ad hoc committee of scientists to
review and report recommendations on various reactivity schemes proposed
by ARB staff. As a result of the Committee's work and public comments

the Air Resources Board adopted "for the purpose of inventory and planning"
the three class classification scheme depicted by Table 3.2. The three
classes are [52]:
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Class I: ' low reactivity organic compounds yielding
' little, if any ozone under
‘urban conditions,

Ciass II: moderate reactivity erganic compounds which give
' an intermediate yield of
ozone within the first day
of solar irradiation.

Class IIT: high reactivity organic compounds which give
very high yields of ozone within
a few hours of irradiation.
The ARB Emission Inventory Unit has initiated an effort which will
result in an emissions inventory delineating organic gas emissions by
classes defined in Table 3.2. The initial effort will rely heavily
on the work done by Trijonis and Arledge [41]. The percent of total
organic gas emissions in each of these classes for each ARB emission
source category is shown in Table A.3.17. This scheme is presently
being being used by the ARB. These percentages may be applied to the
Total Organic Gas (TOG) column of ARB inventories to estimate the disag-
gregation of T0G 1ht0 Class I, Class II and Class III reactivity categories.
For example, Table 3.7 indicates 21.0 tons per day TOG emissions from
Petroleum Marketing in Orange County. In order to apply the percentages
of Table A.3.17, the marketing emissions must be disaggregated into
terminal and storage Tosses and auto filling losses. Thé‘ARB.Emissions
Inventory UnitICan'provide this information for most areas in the state;
in some cases, the Tocal air pollution control districts may be capable
of providing such information. According to the ARB Emissions Inventory
Unit [16], in 1973 in Orange County, terminal and storage emissions
accounted for 17.8 tons per day TOG and auto tank fiiling for 9.2 tons
per day TOG. Applying Table A.3.17 factors results in the disaggre-
gation indicated in Table 3.3.

Although the ARB has'adopted a reactivity scheme and this scheme is
recommended for use by planners, it is not the only reactivity scheme
available. Both the ARB and EPA have prepared several other schemes

during the last two years. A recent publication of the San Diego Air Quality
Planning Team titled Three Reactivity Classification Schemes and Their

Effect on Control Tactics, January 1976 [40] discusses various reac-

tivity classification schemes considered by the ARB and EPA.

3.5



TABLE 3.2

AIR RESOURCES BOARD

REACTIVITY CLASSIFICATION OF ORGANIC COMPOUNDS

Clasa 1

(Low Reactivity)
CI-C2 Paraffins
Acatylene
Benrvene
Benzaldehyde
Accetone
Muthanol
Tert-alky!l aleohols
Phenyl acotate
Mcthyl benzoate
Ethyl Amines
Dimethyl formamide

Perhalogenatod
Hydrocarbons

Partially halogenated
paraffing

Phtbalic Anhydride**
Phthalic Acids*»
Acctonitrilo*

Acetic Acid
Aromatic Amines
Hydroxyl Amines
Naphibialene*
Chlourobenzenes*
Nitrobenzenes*
Phenol*

Class II
(Modcrate Roactivity)

Mono-tert-alkyl-benzenes

Cyclic Ketones
Alky] hectates
2-Nitropropane

C,+ Paraffing
Cycloparaflins
n-alkyl Kotones
N-methyl pyrrolidone

N, N-dimathyl acetimido

Alkyl Phenols™®
Methyl phithalates**

Class 1
(High Reactivity)
All other aromatic hydro-
carbons

All Qlefinte hydrocacbons
(including partially halo-
renated)

Aliphatic aldehydes
Branched alkyl Ketonos
Cellosolve acetito
Unsaturated Ketones

Primary & sccondary Co+
aleohols )

Diacetone alcohol

Ethers

Cellosolves

Clycols*

C.+ Alkyl phihalates**

Other EstersHs

Adcohol Amineg**

Cqt Orpganic acids + di acid*»
Cyt di acid anhydrides**

Formin**
(Hexa methylene-tetraming)

Terpenic kydrocarbon
Olefin oxides%*

*Reactivity data are eithor non-existent or inconelnsive, but conclusive data from
similar compounds are available; therefore, rating is uncertain but reasonable.

M Reactivity data are nncertiin.

Source: [52]
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1973 ORANGE COUNTY PETROLEUM

TABLE 3.3

MARKETING ORGANIC GAS EMISSIONS

Emissions Source

Organic Gas Emissions (Tons per Day)

T0G Reactivity Class
Class I Class II{Class III
Petroleum
Marketing
Terminal and Storage 11.8 0.7 8.3 2.8
Auto Tank Filling 9.2 0.2 6.2 2.8
Total 21.0 0.9 14.5 5.6
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3.1 ESTIMATING SOURCE EMISSIONS

3.1.3 Motor Vehicles

3.1.3~1 Quantification of Motor Vehicle Emission

The motor vehicle category comprises light duty trucks and passenger
vehicles (automobiles), gasoline-powered heavy duty vehicles (trucks),
diesel-powered heavy duty vehicles (trucks), and motorcycles. The
quantification and regulation of motor vehicle emissions in California
dates from 1959 when the State Department of Public Health was mandated
to develop emission standards for light duty motor vehicles. The Motor
Vehicle Poltution Control Board was formed in 1960 to implement these
standards. Crankcase emissions control requirements for controlling
hydrocarbon emissions from this source were implemented in 1963 and exhaust
emissions standards for hydrocarbons and carbon monoxide were first
tmplemented in 1966.

The federal government established light duty vehicle emission standards
in 1968 that were identical to the California standards. However, the
California emission standards for 1970 through 1976 have been generally
more stringent than the federal standards. The Clean Air Act Amendments
of 1970 provide that California is the only state permitted to adopt
motor vehicle emission standards more stringent than the federally
adopted emission standards. Such action requires the approval of the
U.S. Environmental Protection Agency. California received waivers for the
state standards for 1970-1976. California recently exercised this
prerogative by adopting more stringent standards for 1977 Tlight duty
vehicles [2].

Originally, the implementation schedule for the federal motor vehicle

emissions control program called for the most stringent standards (as
required by the Clean Air Act of 1970) to be achieved by 1975 and later
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model year automobiles. The emission standards for 1975 and later would
be uniform throughout the nation. However, after an assessment of the
practicality and feasibility of achieving the 1975 standards for HC and
€0 and the 1976 standard for NOx, the Environmental Protection Agency,
based on information obtained through Congressional hearings, postponed
the date for achievement of these standards by two years and established
two sets of interim standards, one for California based on a request of
the ARB and the other for the rest of the United States. The interim
standards for California are stricter than the interim standards for the
rest of the nation.

In subsequent actions, the EPA has de]ayéd achievement of‘the statutory
standards until 1978 and has also recommended that achievement of the
standards be de]ayed even further [3]. However, California has received
approval of more stringent emission standards for 1977 light duty
vehicles [2].

A summary of the emission standards is shown in Table 3.4. Standards
are given for HC (organic gases), CO, and NOx and are based on three
different certification test cycles. No valid and accepted'formu1a .

exists to quantitatively compare "7-mode" cycles with CVS cycles but a
reasonable correlation between CVS-72 and CVS-75 exists. Table 3.4 is
included in the handbook for information purposes only. The table is
not directly used for development of either emission factors or emission

estimates.

The emissions of air pollutants from motor vehicles are dependent on a
myriad of independently variable parameters, e.¢., the ambient temperature,
the temperature of the engine, the fuel, the driver, the type of trip,
altitude, the effectiveness of emission control devices (if any), etc.

To compare emissions from different vehicles, a driving cycle or test

cycle is used to provide a common basis for comparison.

The two most familiar test cycles are the 7-mode test tyc1e developed by

California in 1960 [4] and the Constant Volume Sampling (CVS) test cycle
developed by the Environmental Protection Agency in 1970 [5,6]. Both of
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TABLE 3.4
NEW VEHICLE STANDARDS SUMMARY

Increasingly stringent emiesion standads for new vehicles have beon imposed by State and Tederal Taw, The sy of

requlastions o5 printed below,

Passenger Cars and Light Duty Trucks

COLD START
YEAR STANDARD TEST HYDROC AHBONS
Prior to controls 7-mode 850 ppm
7-moda (11 gm/mi)
CVvS.75 8.8 qgm/mi
1966-1967 Colif, 7 mode 275 ppm
1958-1969 Catif. or 7-mode
Federat 50-100 CI1D 410 ppm
101-140 CID 350 ppi
over-140 CID 275 ppm
1970 Calil, & - 7 mexle 2.2 gmdni
Iederal
1971 Calif, T-mode 2.2 gm/mi
Fadaeral 7-node 2.2 gm/mi
1972 Calif, F-mode or 1.5 gm/mi
Cvs 72 3.2 gm/mi
Federal Cvs-72 3.4 gm/mi
1973 Calit, CVvE-72 3.2 gm/mi
Fedural Cvs-12 3.4 gm/mi
1974 Canit, CVvs-72 3.2 gm/mi
lederal Cvs72 3.4 gm/mi
1975 “pC Catif. CVS-75 0.9 gm/mi
“PC Foderal CVvs-75 1.5 gm/mi
“~L.OT Calif, CVs-75 2.0 gm/mi
DT Fedeal CVvs-75 2.0 gm/mi
1976 "TPC Calif. CVs-75 0.9 gm/mi
pC Fedeal Cvs-75 1.5 gm/mi
“TLDT Calit, CVS-75 . 0.9 gm/mi
"LDT Federal CVvs-75 2.0 gm/mi
1977 “*pC Calit, Cvs-75 0.41 gm/mi
*pC Federal CVs-75 1.5 gm/mi
"TLOT Calif, CVsS75 ., 0.9 gn/mi
**LDT Federal Cvs 75 NOT
1978 "tPC Federal CVvsS.75 0.41 gm/mi

The vatues in parentheses are approximately equivalent values by 7-mode test.
ppm - parts per million concentration

qmsmi — grams per mije

7.mode ~ t5 a 137 second driving cycle test,

CVS 72 — is a Constant Volume Somple cold stant test

CVS-75 - 1% a Constant Volume Sunple test which includes cold and hot starts.
* - hot 7.mode

- PC - Passoger Cars

LDT - Light Duty Trucks

CAPRBON
MONOXIDE
3.4%
(80 gm/mi)
87.0 gm/mi
1.5%

2.3%
2.0%

1.5%

73 gu/mi

23
23

gm. mi
gm/nn

gnismi
gmsmi
agm/mi

gm/mi
gm/mi

39
39

g/ mi
g/

9.0 gm/mi
15 gm/mi

20 gm/mi
20 gm/mi

9.0 gm/mi
15 gm/mi

17 gm/mi
20 gm/m

9.0 gm/mi
15 gm/mi

17 gm/mi
ESTABLISHED

3.4 gm/mi

OX1DES OF

NINCGEN

1000 ppm
{4 gm/mi)

3.6 gm/mi
no sid.

no std,
no stel.
no sk,

no std,
4 gm/mi

3 gm’m
3.2 ym/m

3 gmemi
3 gm mi

2 qgm/mi
3 gm/mi

2.0 gm/mi
3.1 gmy'mi

2.0 gm/mi
3.1 gm/mi

2.0 gm/mi
3.1 gm/mi

2.0 gmSmi
3.1 gn/mi

1.5 gm/mi
2.0 gin/mi

2.0 gm/m

0.4 gm/mi
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TABLE 3.4 (continued)

Heavy-duty Vchicles Over 6,000 tbs.

. ' CARBON OXIDES OF
YEAR . STANDARD HYDROCARBONS MONCXIDE NITROGEN
*1969-1971 i State-gasoline 275 ppm 1.5% no std.
1972 State-gasoling 180 ppm 1.0% no std.
1973-1974 - State-gasoline , ~ HC + NOx = 16 gm/'BHP hr.
& diesel co = 40 gm/BHP hr,
1975-1976 . State-gasoline HC + NOx = 10 gm/BHP hr.
& dicsel co = 30 gm/BHP hr. -
1977 ' .
Alternate — State-gasoline HC + NOx = 5 gm/BHP hr.
Either o+ & diese! co = 25 gm/BHP hr.
R + ‘ State-gasoline
0 . % dooct. 1.0 g/BHP hr. | 25 gn/BHP hr. | 7.5 gm/BHP hr.

. Federat standards became effective in 1968 for light-duty vehicles, and 1970 for heavy-duty vehicles,

gm/BHP hr,  grams per brake horsepower-hour

N Federal standards remained at this level through 1973. The Federal Govemment adopted
standards for heavy-duty gasoline and diese! vehicles for 1974 and subsequent model years
which are idenlical to California’s 1973-74 standards. ;

State Smoke Standards for Heavy-Duty.Vehicles
1971 and later vehicles may discharge smoke no darker than Ringelman 1 or 20 percent opacity for up to 10 seconds.

Vehicles sold before 1971 may discharge smoke not darker than Ringelman 2 or 40 percent opacity for up to 10 seconds.

Crankcase Emissions ’ T
On all new vehicles manufactured for sale in California after January 1, 1964, crankcase emissions aré virtually zero. Comparable
)
Evaporative Emissions

Evaporative emissions of hydrocarbons have been § gms/test for light-duty vehicles since 1970 and 2 gms/test since 1972 by the
carbon trap approval test procedure. The evaporative emission requirements for 1978 light-duty vehicles will be 6 gm/test by the
SHED (Sealed Housing for Evaporative Determinations) test procedure. Heavy-duty gasoline-powered’ vehicles are 2 gms/test by
engineering evaluation effective 1973, ‘

Motorcycle Emissions Standards

New motorcycles manufactured for sale in California on or after January 1, 1978, will be required to meet a hydrocarbon (HC)
exhaust emission limit of 10.0 grams per kilometer. The limit will be reduced to 5.0 gm/km on Janvary 1, 1980, and 1.0 gm/km on
January 1, 1882, :

Estimated CVS-75 emissions from CVS~72 tests are [53]:

HCrys-757(-88) (HCoyg_ 7o)

COpys-75( -73)(C00y5_75)
NOXcys_75™(1-03) (NOK oy 7o)

: _ 8-4-75 ARB Fact Sheet 6(Revised)
- . 3.1 . -



these test procedures have hot start and cold start variations, 1.e.,
hot start means the engine is warmed up to operating temperature and
cold start means the engine is at ambient temperature. A graph of
vehicle speed versus time is shown for the test cycles in Figures 3.1
and 3.2.

The 7-mode procedure requires that a vehicle follow a specified time-
speed plot seven times. Emission data is collected for certain modes
for six of the seven cycles (data for the fifth cycle is not collected).
Using various weighting factors, vehicle parameters, and specified
computation procedures [7], an emission factor for that test cycle is
obtained. There is no difference in the operation of the test procedure
for a hot start or a cold start test.

The CVS test procedure also has a specified time-speed plot that must be
followed. However, emission data is collected during the entire test
cycle, not just for select modes as in the 7-mode test cycie. During
the CVS-72 test cycle, which was used to quantify emission rates for the
1972, 1973, and 1974 model year light duty vehicles, a small portion of
the vehicle exhaust is diverted into one plastic bag. After the test
cycle, the pollutant concentrations in the bag are measured, and using
certain computation procedures, mass emission values are calculated [5].

During the CVS-75 test cycle, used to quantify emission rates for

1975 and later light duty vehicle, a small portion of the vehicle exhaust
is diverted into three plastic bags. The three bags cover separate
segments of the test cycle. (See Figure 3.2). A computation procedure
similar to the CVS-72 methodology is used to establish the emission

rate. However, for the CVS-75 procedure, different weighting factors

are used for the three different bags [6].

The principal differences in the CVS-72 and CVS-75 test procedures are
1) the CVS-75 test uses three bags, and 2) the CVS-75 test includes a
hot start. Looking at Figure 3.1, the CVS-72 test includes a cold start
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transient period of about 500 seconds and a stabilized (warmed-up) period
of about 900 seconds. The total test cycle is about 1400 seconds Tong.
Samples of emissions from both periods are collected in one bag. Looking
at Figure 3.2, the CVS-75 procedure also inciudes a cold start transient
period of about 500 seconds and a stabiiized period of 900 seconds. In
~addition, 10 minutes after the stabilized operation period has been com-
pleted, a hot start period that duplicates the speed-time plot of the
first period is completed. Samples of emissions for each of these three
periods are collected in three separate bags and weighted with different
factors using the previously mentioned procedure.

3.1.3-2 Additional Considerations in Quantifying Motor Vehicle Emissions

Separate from the numerical calculations involved in quantifying emissions
from motor vehicles, the question of which speed-time plot is representa-
tive of the driving habits of the general public must be considered.

Since no one test cycle and the resulting emission factors can be considered
representative of all motor vehicle operations, several procedures for
manipulating the test cycle emission data have been developed.

One of the earliest procedures related average route speed and emission
rates using relationships developed by Rose and McMichaels [8]. These
relationships shown in Figure 3.3, indicate a direct relationship
between NOx emissions and speed and inverse relationships between CO and
HC emissions and speed. The speeds given in Figure 3.3, represent
average route speeds, where acceleration, deceleration, idle, and
constant speed modes are averaged. The speed adjustment factors have
been normalized to give a value of 1.0 at a base line speed equal to

the average route speed of the CVS-72 driving cycle. .

It must be noted, however, that the emissions measurement technigues
utilized by Rose and McMichaels in 1963 differ from the current Federal
Test Procedure (CVS) and the procedures'EPA is currently utilizing to
characterize speed-emissions relationships. The applicabiiity of the
Rose and McMichaels speed-emissions relationships to other test data is
questionable.
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Average route speeds are not representative of certain operations such

as constant speed. Nordseick [9] developed relationships between con-
stant speed operation and emission rates indicating that the constant-
speed emission rate for a given speed is significantly lower than the
corresponding average-route-speed emission rate. Again, the reader is
cautioned as to the applicability of the Nordseick developed relationships
to current test data.

The quantification of emissions from non-constant speed operation stiil
requires the identification of a time-speed plot representative of the
area of interest. Since the driving cycles used by the Air Resources
Board and the Environmental Protection Agency are assumed representative
of "typical" driving patterns, they cannot be used in specific instances,
i.e., a particular segment of a particular roadway at a particular

time [10,11,12]. 1In order to estimate emissions under a specific set of
conditions, moda1‘emission factors for idle, constant speed, acceleration
and deceleration are required. Since all driving pattérns can be divided
into one of these four modes, emissions rates for a specific driving
pattern (e.qg., a given time-speed plot) can be determihed'by summing the
modal emissions for that driving pattern [11,12].

Since the beginning of the vehicle emissions surveillance testing in
1971, the EPA has been steadily accumuTaE;HEWE%?EE;;;;_E;;E_nggpi0
support advanced emissions modeling techniques. These advanced tech-
niques will allow the user to consider the following parameters and
their effects on motor vehicle emissions:

1. average vehicle speed (including idles and various mixes of
idles, accelerations, decelerations, and steady-Speéd cruises);

2. cold start/hot start operations:
3. VMT (vehicle miles traveled) mix by vehicle type (1ight duty

trucks and passenger vehicles, gasoline-powered and diesel-
powered heavy duty vehicles, and motorcycles);



4. ambient temperature;
5.  high altitude and low altitude operation.

Supplement 5 to “Compilation of Air Pollutant Emission Factors" [12]
describing these advanced techniques has been recently released by

EPA (December 1975). While great promise is shown for these techniquas,
considerable effort will be required to utilize these techniques
correctly. Ambient temperature and cold start/hot start correction
functions presented in Supplement 5 introduce considerable adestment to
Federal Test Procedure (CVS-75) emission rates, especially for catalyst
equipped vehicles. For example, the CO temperature adjustment factors
for catalyst-equipped vehicles for various ambient temperatures are
shown below.

Ambient Adjustment
Temperature Factor
20° F 5.1
30° F 4.4
40° F 3.6
50° F 2.9

This means that the CVS-75 based emission factor presented in AP-42
Supplement 5 must be multiplied by 3.6 to account for an ambient temparature
of 40° F. From Supplement 5, the first year CO emission rate for a

light duty vehicle certified for California's 1976 CO standard of 9

grams per mile is estimated at 5.4 grams per mile. At an ambient
temperature of 40° F, the catalyst equipped vehicle will be emitting at
approximately 3.6 times that rate or over 19 grams per mile. In areas

such as Lake Tahoe, where relatively Tow ambient temperatures

exist during winter months, the temperature correction factor

becomes very important.
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Adjustment factors to account for different percentages of cold start and
hot start vehicle operations than those percentages implicit in the CVS-75
test procedure are also developed in AP-42 Supplement 5. The cold
start/hot start adjustment factors development is quite technical and
involved and should be applied only by individuals with expertise in
motor vehicle emissions assessment. Ambient temperature adjustment
factors must be used concurrent with cold start/hot start adjustment
factors. It is, however, appropriate to use only the ambient temperature
adjustment factor.

The motor vehicle emission factors and assessment methodologies presented
in this report do not explicitly consider ambient temperature or cold
start/hot start adjustment factors. AP-42 Supplement 5 provides the
hecessary information for considering these variables. The material in
this report is appropriate for the majority of situations requiring an
assessment of motor vehicle emissions. If a situation requires special
considerations, individuals with expertise in motor vehicle emissions
assessment should be consulted.

This discussion of additional considérations in quantifying emissions
from motor vehicles was included to show the state of the art and to
indicate the direction of developing procedures towards increasing
accuracy and increasing complexity. The modal emission factor approach
is in a state of development. The constant speed emission factors have
been applied in a few select project studies comp1eted.by‘the California
Department of Transportation (CalTrans). Speed-dependeht emission
factors based on average route speed are used by CalTrans in the micro-
scale analvses of specific projects [13]. CalTrans has developed a
computer program for generating geocoded emission inventories based on
transportation simulation model outputs. This computer program considers
the peak pericd and off-peak period speeds for each link in calculating
emissions.



3.1.3-3 Variables for Estimating Motor Vehicle Emissions

Numerous methodologies for estimating emissions from motor vehicles have
been developed and documented [10,11,12,19,53] in recent years. All of
these approaches consider the following variables: motor vehicle
population distribution by model year, average annual mileage by model
year, vehicle types, emission factors, and, in some approaches, deteri-
oration factors and speed adjustment factors.

The motor vehicle population distribution used by the ARB is based on
1973 registration data obtained from the Department of Motor Vehicles
[22]. The distributions for 1light duty vehicles and heavy duty vehicles
are assumed to be representative of future ownership patterns and vehicle
attrition rates.

The values of average annual mileage used by the ARB for Tight duty
vehicles are based on data obtained from the California Highway Patrol
roadside inspection programs [14]. Values for heavy duty vehicles are
based on national surveys of commercial vehicle operations [15]. Motor-
cycle usage for this report has been determined using nationwide data
from EPA [12]. Use of this data is described in an ARB technical support
document [23].

The vehicle types considered in the ARB emission assessment are 1light
duty vehicles (automobiles and trucks), heavy duty gasoline-powered
vehicles (trucks), heavy duty diesel-powered vehicles (trucks}, motor-
cycles, and off-road mobile sources. The Tight duty vehicles are
further identified as light duty passenger vehicles and Tight duty
trucks in the ARB assessment.

Current emission rates are derived from data generated as part of various
vehicle test programs conducted by EPA and its contractors. Emission
rates for future vehicles are based on prototype test data and best
estimates. Any vehicle degradation effects that might be expected are
incorporated into the emission factors.
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Emission rates for 1ight duty trucks, passenger vehicles and motorcycles
are derived from CVS-75 test cycle data [12]. Gasoline-powered and
.diese1~powered heavy duty vehicle emission rates are derived from San
Antonio Road Route test data [17,18]. . '

3.1.3-4 Development of Composite Emission Factors
The approach presented in this -report is based-on the calculation
of a composite emission factor {CEF) that is representative of the
average vehicle in use. ATl data used to generate the CEFs are based
on [12]:
Light duty vehicles {This includes light duty passenger vehicles
and Tight duty trucks. A light duty vehicle is any vehicle with
a gross vehicle weight of 6,000 pounds or Tess).
Heavy duty vehicles, gasoline-powered
Heavy duty vehicles, diesel-powered, and

Motorcycies

" The general equations [10,11,12,19] for calculation of these CEFs
are as follows: |

n
e _ ‘
npstwg - i-ﬁ-k “ion ™in Vips Zipt Viptwx
where,
e nostx - Composite emission factor in grams per mile (g/km)
pst for calendar year (n), pollutant (p), average
' speed (s), ambient temperature (t), percentage cold
operation (w), and percentage hot start operation (x).
cipn = The Federal Test Procedure (FTP) mean emission

factor for the 'ith model year vehicles during
calendar year (n) and for pollutant (p).
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me = The fraction of annual travel by the 1th model year
vehicles during calendar year (n).
ins = The speed adjustment factor for the ith model year
P vehicles for pollutant (p), and average speed (s).
This variable applies only to CQO, HC, and NOx.

Ziot = The temperature adjustment for the ith model year
P vehicles for pollutarnt (p) and ambient temperature (t).
(Applied to Tight-duty vehicles only).

= The hgﬁ/co]d vehicle operation adjustment factor for
the i~ model year vehicles for pollutant (p), ambient
temperature (t), percentage cold operation (w), and
percentage hot start operation (x). (Applied to
Tight-duty vehicles only).

r"ipth

k = The number of specific vehicle model years to be
considered in calculations. 12 has been used as k by
others [10,11,12,19], however, any number of model
years may be considered if sufficient data are
available. The ARB presently considers 17 separate
model years.

In addition to exhaust emission factors, the calculation of hydrocarbon
gasoline motor vehicle emissions involves evaporative and crankcase
hydrocarbon emission rates. Evaporation and crankcase emissions can be
determined using:

nt1

f = X h. m

" =n-k m

where,

f = the combined evaporative and crankcase hydrocarbon
emission factor for calendar year n

h. = the combined evaporative and crankcase emission rate for

the ith model year

= the weighted annual travel of the ith
calendar year n

m o model year during

k = the number of specific vehicle model years to be considered
in calculations.
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A value of 1.0 was used for the speed adjustment factor for all the
exhaust CEFs in this report. Note that the hydrocarbon evaporative and
crankcase emission factors do not have a speed adjustment factor.

These emissions are assumed to be independent of speed and the efficiency
of the control devices are assumed to be constant.

3.1.3-5 Alternate Approaches for Estimating Emissions

The emissions from motor vehicles can be estimated using several different
sets of parameters. Three approaches are shown in Figure 3.4. The
independent variable in each approach is the variable on the far left of

the equations.

Approach 1 - Vehicle Miles Traveled

The total vehicle miles traveled (VMT) for a study area are used in con-
Junction with a composite emission factor representatfve of total vehicle
activity. VMT estimates for a study area are déve]oped from transportation
studies using'data from origin-destination surveys or transportation
models. VMT estimates for specific projects can be developed using trip
generation rates (trip ratios) based on traffic surveys. Trip generation
rates are given in terms of trips per unit parameter characteristic of

the project of interest, e.g., trips per parking space or trips per

10,000 square feet of leasable floor space for shopping center; trips

per student or'trips per staff member fof colleges. District 4 (San
Francisco) and District 11 (San Diego) of the California Department of
Transportation have several reports on trip generation rates for facilities
such as office buildings, colleges, shopping centers, and marinas [20,21].
While the generation rates are specific for the original area, they can

be used in conjunction with data on trip lengths to develop comparative
estimates of VMT for project alternates.
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Total VMT estimates are usualily not broken down into VMT by vehicle
type. A percentage of VMT from heavy duty vehicles can be calculated
based on traffic survey data. However, usually no distinction is made
between diesel-powered or gasoline-powered heavy duty vehicles. Also,
motorcycle VMT is typically not estimated.

Since these vehicle types all have different emission factors, source
adjustment of the composite emission factor must be made. This adjust-
ment is based on the percent of statewide total VMT for each vehicle
type for 1973 shown in Table A.3.2. This adjustment assumes that the
percentage of total VMT by vehicle type remains constant through time
and is applicable to specific study areas. The following example is for
1975 for carbon monoxide:

(1) o (2) |
% of Total YMT 1975 CO CEF (1)x(2)
Vehicle Type (From Table A.3.2) (From Table A.3.6) 100
LD Vehicle . 86.8 47.7 gm/mile - 41.4 gm/mile
Gasoline-Powered - | | _
Heavy Duty Vehicle 8.3 207.2 gm/mile 17.2 gm/mile
Diesel-Powered o _
Heavy Duty Vehicle . . 4.1 28.7 gm/mile 1.2 gn/mile
Motorcycle | 0.8 30.6 gm/mile 0.3 gm/mile

1975 VMT - weighted CEF for carbon monoxide = 60.1 gm/mile

This VMT-weighted composite emission factor of 60.1 grams of carbon
monoxide per vehicle mile is used with the estimate of VMT to calculate
the total emissions of carbon monoxide. ‘The same procedure is used to
calculate the VMT-weighted CEFs for the other pollutants. It should be
noted that the VMT-weighted CEFs are used only when the VMT for a study
area or project is not broken down into VMT by vehicle type. Also, if
the development in the study area indicates different percéntages of
vehicle activity than the statewide average, different percentages
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should be used in calculating the VMT-weighted CEFs. As an example, for
most residential development, the heavy duty vehicle activity could be
negligible. If the study area comprises only industrial areas, the
heavy duty vehicle activity could be much greater than the statewide
average.

Approach 2 - Vehicle Registrations

The ARB Emissions Inventory Unit has analyzed data from various sources

to determine average annual mileages by vehicle type, in-use vehicle
populations, and annual vehicle population increases [23]. These data are
presented in Appendix A in Tdb]es A.3.1 and A.3.2. Using Table A.3.7,
in-use motor vehicle populations for any year may be estimated. Once the
projected motor vehicles in use by vehicle type is determined, the values
for average annual mileage by vehicle type are used to calculate annual
VMT. Then the CEFs are used to calculate annual emissions {grams/year)
and a units conversion factor used to obtain the desired units, typically
tons/day.

The following example is for Orange County in 1985 for carbon monoxide
(CO):

Determine vehicle populations for 1973. and 1985 from Table A.3.1

Vehicles In
Vehicles Annual Use -- 1985
In Use  Increase ®+ 123X

1973 (% 1973) 100
Light Duty Passenger 801,953 4.63 © 1,247,520
Light Duty Truck 132,726  4.63 206,470
Total Light Duty 934,679 1,453,990
Heavy Duty Gas 47,884 6.64 86,040
ieavy Duty Diesel 5,233 6.64 9,400
Total Heavy Duty 53,117 95,440
Motorcycles 48,592 5.73 82,000
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Annual VMT by vehicle type may now be calculated uéing the Annual
Average Mileages given in either Table A.3.2 or Table A.3.12.

If

Light Duty Vehicles VMT (1985) = (1,453,990) x (8,317)
12.09 x 107 miles
(95,440) x (15,944)
1.52 x 10° miles "

Motorcycles VMT (1985) = (82,000) x (1,570) = 0.13 x 10° mites

Heavy Duty Vehicles VMT (1985)

The Composite Emission Rates from Table A.3.12 are now applied to
obtain emissions per vehicle type.

(12.09 x 10%) x (7.2)

8.705 x 1010 grams/year

(1.52 x 10°) x (106.3)

: 16.158 x 1010 grams/year

Motorcycle €O emissions (1985) = (0.13 x 10°) x (30.6)
= 0.39 x 10'°

Light Duty Vehicles CO emissions (1985)

Heavy Duty Vehicles CO emissions (1985)

grams/year

Sum all vehicie types to obtain €O emissions for‘a11 on-road
vehicles in Orange County in 1985. '

8.705 x 10'0
16.158 x 1010
0.39%8 x 1010

Total CO emissions from on-road vehicles in
Orange Countyfin 1985 = 25.26 X 1010 grams/year

Convert grams/year into units of tons/day

(25.26 x 10]0 grams/year) x (3.02 x 10°? tons-year/gréms—day)
= 763 Tons Per Day CO
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When estimating hydrocarbon emissions, crankcase and evaporative
cmissions must also be calculated. In this example, we could
easily calculate these emissions using the calculated vehicle
populations and average annual mileages from Table A.3.12 in
Appendix A.

Light Duty Vehicles HC evaporative emissions (1985)
(1,453,990) x (8,317) x (0.79) = 9.553 x 10° grams/year
28.9 Tons Per Day HC

To determine reactive hydrocarbons, apply appropriate reactivity
factor from Table A.3.17 in Appendix A.

Light Duty Vehicles Reactive HC evaporative emissions (1985)
= 28.9 x 0.035 (Class I)

1.0 Tons Per Day Class I Reactive

28.9 x 0.564 (Class II)

16.3 Tons Per Day Class II Reactive

28.9 x 0.401 (Class III)

17.6 Tons Per Day Class IIl Reactive

1

Approach 3 - Vehicle Registrations Per Capita

The 1973 values for average number of vehicles in use by county (Table
A.3.1) and county population data (Table B.3.1) are used to calculate
per capita vehicles in use by vehicle type. Future year population
projections (Tables B.3.2 and B.3.3) are then used with the per capita
values to estimate the number of future year vehicles. Once future year
vehicles are estimated, the procedure is the same as that outlined in
Approach 2 above.
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The following éxamp1e is for Orange County in 1985:

Determine the amount of projected motor vehicies by vehicle type by
using Tables A.3.1, B.3.1 and B.3.2.

From previous example

Orange County Light-Duty Vehicles (1973} = 934,679
Orange County Heavy-Duty Vehicles (1973) = 53,117
Orange County Motorcycles (1973) = 48,592

Applying the 1985 growth factor from Table B.3.4.

Orange County Light-Duty Vehicles (1985)

(934,679) x (1.402)
1,310,420 '
(53,117) x (1.402)

| 74,470

Orange County Motorcycles (1985) = (48,592) x (1.402) = 68,130

(]

Orange County Heavy-Duty Vehicles (1985)

Once these future year vehicle populations are calculated, then the
remaining calculations are identical to those described in the
example above for Approach 2.

A comparison of the vehicle popu1at1ons as determ1ned by Approach 2
and Approach 3 is appropriate.

Approach 2  Approach 3
Orange County Light-Duty Vehicles (1985) 1,453,990 1,310,420
Orange County Heavy-Duty Vehicles (1985) 95,440 74,470
Orange County Motorcycles {(1985) . 82,000 68,130

It can be seen that Approach 2 consistently yields higher vehicle
populations than Approach 3. The reason for this is that DMV
projections used in Approach 2 project future growth using both
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population projections (D-100 series similar to those found on
Table B.3.2) and vehicle per capita growth projections (based on
historical trends between fiscal years 1961-62 and 1971-72).
Approach 3 assumes that vehicle per capita ratios will remain
constant at 1973 levels and growth is attributed solely to popu-
Tation growth. In this respect, the two approaches may be used to
establish a range of possible future values. Approach 2 would
depict the continued growth at the high levels achieved during the
prosperous 1960's and Approach 3 would describe a slowed growth
indicative of present economic activity.

A1l three approaches utilize assumptions as to the applicability of
statewide and countywide data to specific study areas. These assump-
tions, or at least the clearly visible ones, are minimized when the
basis for emission estimates is an estimate of VMT from transportation
studies in the study area. These VMT estimates are regionally specific
since local preferences through origin-destination surveys and transpor-
tation system configurations are considered in the transportation
modeling process.
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3.1 ESTIMATING SOURCE EMISSIONS
3.1.4 Aircraft
3.1.4-1 Classification Systems and Emission Factors

There are two major categories of aircraft: piston engine powered and
gas turbine powered. Turbine aircraft and piston engine aircraft are
further divided into sub—categoriés depending on the size of the air-
craft and the most commonly used engine for that sub-category. A
commonly used classification system is shown in Table 3.5.

An operating cycle, called the landing-takeoff (LTO) cycle, is used

to quantify emissions from aircraft. The emissions cycle for aircraft
includes aircraft emissions during an approach from an altitude of
3,500 feet, landing, taxiing, and engine warmup, takeoff, and climbout
to 3,500 feet. It should be made clear that the term "operation" used
by the Federal Aviation Administration to describe either a landing er
a takeoff is not the same as the LTO cycle. Two operations are
involved in one LTO cycle. The LTO cycle incorporates the ground
operations of 1d1e,‘taxi, landing run, and takeoff run and the flight
operations of takeoff and climbout to 3,500 feet and approach from
3,500 feet to touchdown.

Each class of aircraft has its own typical LTO cycle. In order to
determine emissions, the LTO cycle is separéted into five distince
modes: (1) taxi-idle, (2) takeoff, (3) climbout, (4) approach, (5)
landing, and (6) taxi-idle. Each of these modes has its share of time
in the LTO cycle. Using modal emission factors for the most common
engine of a certain ajrcraft class, the typical LTO cycle emissions

- factor can be calculated. This is the approach used in AP-42 [10]; the
resulting emission factors are shown in Table 3.6. The 1975 emission
factors represent the uncontrolied emission rates for aircraft.
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TABLE 3.5

Aircraft Classifications?

Engines
per Lngine
Aircralt elass Representative aircraft aircraft commonly used
Jumbo jet Bocing 747 4 Pratt & Whitney
Lockheed L-1011 3 JT-90
McDonald Douglas DC-10 3
Long-range jet Bocing 707 - 4 Pratt & Whitney
McDonald Douglas DC-8 4 JT-3D
Medium-range jet Bocing 727 3 Pratt & Whitney
Bocing 737 2 JT-8D
McDonald Douglas DC-9 2
Air carrier Convair 580 2 Allison 501-D13
turboprop Electra L-188 4
Fairchild Hiller FH-227 2
Business jet Gates Learjet 2 General Electric
Lockhced Jetstar 4 CJ610
Pratt & Whitney
JT-12A
Gencral aviation — - Pratt & Whitney
turboprop PT-GA
General aviation Cessna 210 1 Teledyne-Continen-
piston Piper 32-300 [ ta) ©-200
Lycoming @-320
Piston transport Douglas DC-6 4 Pratt & Whitney
R-2800
Helicopter Sikorsky S-61 2 General Electric
Vertol 107 CT-58

Military transport

Military jet

Military piston

Allison TS6A7

General Electric
3-79
Continental J-69

Curtiss-Wright
R-1820

a) From [10,11]
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The Environmental Protection Agency has promulgated [24] emission
standards for aircraft that have a time-phased implementation schedule
similar to the motor vehicle standards. Fuel venting regulations are
presently in effect and exhaust emissions standards first become effec-
tive in 1981. It was assumed in Table 3.6 that 1975 emission factors
approximate 1980 factors. The determination of 1985 and 1990 emission
factors (1b/LT0/engine) requires data on the attrition rate, replacement
rate, and purchase rate of the different aircraft categories. Also, a
quantitative relationship between the test cycle emission rates and the
emissions for an actual LTO cycle is needed. There were inadequate data
to complete the calculations and as a result 1985 and 1990 emission
factors were determined through linear interpolation of 1980 and 1995
factors. For 1995, it was assumed that the emissions from aircraft
would correspond to the emission standards. As more data becomes avail-
able on aircraft fleet operation the emission factors for 1980, 1985,
1990, and 1995 will be refined.

3.1.4-2 Estimating Emissions from Aircraft

For a given study area, the emissions from aircraft are a function of
the number of airports, the types of aircraft using the airport, and the
number of LTOs by different aircraft classes. While a given study area
may not have an airport within its boundaries, portions of LTO cycles of
an airport may occur over a study area.

Emissions from aircraft for all years can be estimated using projections
of LTOs by aircraft classes and the appropriate emission factors in
Table 3.6. If projections of LTOs for future years are not available,
future year emissions can be projected using population growth factors
applied to base year LTOs. These population growth factors should be
based on the population of the area served by the airport.
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The following hypothetical example illustrates the described techniques.

Two airports in Orange County supplied the fo]iowing estimates of
Federal Aviation Administration's (FAA) operations in 1975.

Aircraft - Average Engines Daily FAA

Classification Per Craft Operations
Medium-range jet 2.5 ’ 368
General aviation piston 1.5 - 1,642
He]icopter 1 : 38

Unfortunately, no data were available for future year operations.
Assume that carbon monoxide (CO) emissions estimates are required
for 1975 and 1995.

Determine 1975 emissions by applying 1975 emission factors from
Table 3.6 to each aircraft classification. Note that the opera-
tions estimates provided by the airports are for FAA operations; to
determine LT0s, assume one LTO for'every two FAA operation.

Il

Emissions from medium-range jets (1975) = (368/2) x {2.5) x (17)

7,820 Pounds Per Day CO

Emissjons from general aviation
pistons (1975)

(1642/2) x (1.5) x (12.2)
15,020 Pounds Per Day CO
(38/2) x (1) x (5.7)

110 Pounds Per Day CO

Emissions from helicopters (1975)

Sum all airéfaft types to obtain CO emissions for 1975.

22,950 Pounds Per Day CO

(7,820) + (15,020} + (110)
- 11.5 Tons Per Day CO (1975)
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To estimate emissions for 1995, apply 1995 population growth factors
for Orange County to the 1975 LTO estimates. This assumes the
service area of the two airports to be Orange County.

1.064
1995 population growth factor = 1.663
LTO0s medium-range jets (1995) = (368/2) x (1.663/1.064)
= 288 LTOs Per Day
LTOs general aviation pistons (1995) = (1642/2) x 1.663/1.064)
= 1,283 LTOs Per Day
LTOs helicopters (1995) = (38/2) x (1.663/1.064) = 30 LT0s Per Day

From Table B3.4: 1975 population growth factor

Calculate emissions by applying 1995 emission factors to the pro-
jected LTOs (assume same average engines per craft as in 1975).

Emissions from medium-range jets (1995) = (288) x (2.5) x (3.1)

= 2,230 Pounds Per Day CO
Emissions from general aviation pistons (7995%) = (1,283) x (1.5) x (6.1)

= 11,740 Pounds Per Day CO
Emissions from helicopters (1995) = (30) x (1) x (5.7)

= 170 Pounds Per Day CO

Sum all aircraft types to obtain CO emissions for 1995.
(2,230) + (11,740) + (170) = 14,140 Pounds Per Day CO = 7 Tons Per Day CO

In the event that LTO information is unattainable, a gross emission
estimate may be made by applying population growth factors to a base
year estimate of total aircraft emissions. The ARB estimates emissions
by county as shown in Table 3.7 for Orange County. A 30% across the
board emissions reduction has previously been assumed by the ARB for
1980 [26].

Detailed methodologies for assessing emissions from aircraft are avail-

able [27,28] and should be reviewed if aircraft emissions are significant
in a given study area.
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TABLE 3
AVERAGE EMISSION: UF FuLLUfHHTb 19:3
ORAHGE COUNTY
SOUTH COAST AIR BASIN

{TONS PER TRY)

FEB. 26: 1976 . PRELIMINARY DATA - SUBJECT TOREVISION ____________. _______
STATIONARY SOURCES 106G PART.  NOX S0z co
PETROLEUM
PRODUCT 10M 7.2 4.5
REFINING
MARKETIHG 21.0
"~ SUBTOTAL 28.2 4.5
ORGANIC SOLVEMT US ERS
SURFACE COATING ' 11.7"
DRY CLERMING 3.8
DEGREASIHG: 5.3
OTHER 12.8
SUBTOTAL | 32.6
CHEMICAL 8.1 0.3
METALLURGICAL 9.1
MINERAL 1.9 8.9 1.5 15.1
£00D RMD AG“FPROCESSIMG
PESTICIDES 2.9
HOOD PROCESSING
COMBUSTION OF FUELS . TR .
POMER PLANTS 8.6 2.7 11.8 17.9
OTHER IMDUSTRIAL - 6.1 9.6 5.0 0.1 9.5
DOMESTIC AHD COMMERCIAL 8.7 1.6 7.6 8.1 1.7
ORCHRRD HEATERS . :
SUBTOTAL - 1.4 4.9  24.4 18,1 2.2
WASTE BURMING
AGRICULTURAL -DEBRIS B.1 0.2
FOREST HMANAGEMENT
RAHGE IMFROYEMENT .
DUMPS =
CONICAL BURHERS -
INCINERATORS 8.1 8.1 8.1 9.2
OTHER : :
SUBTOTAL 8.2 0.1 9.1 9.4
MISCELLAMEOUS AREA SOURCES o
MILD FIRES 2.5 1.9 9.1 8.1
STRUCTURAL FIRES 4.4 3.3 9.2 14.3
FARMING OFERATIOHS 1.4
CONSTR. AND DEMOL., 1.4
UNPRYED ROADS : 2.0
UTILITY EQUIF: HﬂNEPosETC 2.2 8.1 0.2 15.3
SUBTOTARL . 9.1. 18.1 8.5 37.7
TOTRLsSTRTIDNRRY 73.8 16.3 ~  26.2  24.1 $5.4
JET AIRCRAFT. 8.7 8.1 8.6 8.1 1.3
PISTON RIRCRAFT 8.4 8.1 8.4
RAILROADS 8.4 8.1 1.5 6.2 8.5
SHIPS ' o
THER OFF-ROARD YEHICLES 8.9 8.6 6.5 1.8  39.9

Refergnce: Air Resources Board Emissions Inventory Unit

3.37



3.1.5 O0Off-Road Mobile Sources, Trains, and Ships

O0ff-road mobile sources comprise snowmobiles, dune buggies, farm equip-
ment, off-road motorcycles, and off-road heavy duty equipment. The
quantification of the emissions from these sources for any year, past or
future, is difficult because of the lack of adequate data on the number
of sources, operations, and emission rates. Consequently, it was felt
that future year emissions could best be estimated by multiplying the
1973 emissions from these sources by population growth factors. Similarly,
the emissions from trains and ships are projected using population
growth factors. The use of per capita emission factors is based on the
implicit assumptions that the emission rate is constant over time. This
approach does not consider the possibility of increased per capita use
or decreased emissions per operation of the source.

For these three source categories, the emissions tabulated in the 1973
ARB Emission Inventory are multiplied by the population growth factor

for the year of interest. Population growth factors for C-150 and E-0
population growth rates, shown in Tables B.3.5 through B.3.21 1in Appendix
B have been normalized to the base year of 1973. Table B.3.4 describes
methodology to develop series D-100 based population growth factors.

As an example from Table 3.7, the emissions of carbon monoxide (C0Q) in
Orange County from these sources in 1973 are:

0ff-Road Mobile Sources 39.9 tons/day
Trains 0.5 tons/day
Ships Negligible

40.4 tons/day of CO

From Table B.3.4, the D-100 1985 population growth factor for Orange
County is 1.402. {40.4 tons/day)x(1.402) = 56.6 tons/day.

The emissions of CO from off-road mobile sources, trains, and ships in
1985 in Orange County are estimated to be 56.6 tons/day.
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3.1 ESTIMATING SOURCE EMISSIONS

3.1.6 Fossil Fuel Power Plants

3.1.6-1 Introduction

Fossil fuel powek plants presently meet the bulk of California's
electrical energy demands; it is Tikely that fossil fuels will continue
to generate signifﬁcant guantities of energy through the year 2000. The
combustion processes of these power plants and the assocfated'high
pollutant emissions make it necessary that the Tocation or potential
location of power plants be determined as accurately as possible when
forecasting future air quality impacts. Typical lead times for fossil
fuel power plants are approximately 6 to 8 years; nuclear power plants
have typical lead tﬁmes of 7 to 10 years [29]. This means that the short
term planner (5 to 10 years) will normally be able to determine power
plant lTocation and design well in advance of power plant start-up.
However, the long term planner is faced with the dilemma of knowing

that additional energy will be required but not knowing what the source,
location, or fuel type will be. To add to this uncertainty, recent state
and federal statibnary source reqgulations have made afr qQa]ity a priority
consideration in future year power plant construction. The regulations
require that air pollution control agencies deny a permit to construct
for any project that would interfere or prevent the attainment or
maintenance of any primary National Ambient Air Quality Standards [30].
The federal regulations in themselves are not a source of uncertainty,
but the still-developing implementation process at the federal, state,

-~ and Tocal level is very much an unknown quantity. A more detailed dis-

cussion of new rules and regulations may be found in Section 3.2.1.

Determining the size and Tocation or planned Tocation of a power plant
is .only half the battle. In order to détermine air quality <impacts,
the planner must estimate the use characteristics of the plant. Fuel
type and sulfur content of fuels used may vary seasonally according to
supply of preferred fuels. Power plant efficiency and Emfssion rate
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may vary according to power generation rate. The complicated network

of power transmission lines in and out of California allows the delivery
of energy to opposite ends of the State, thereby dislocating emissions
from the area of power use. This type of energy use information is
often difficult to obtain or estimate.

The following sections delineate sources of information and emissions
estimating methodologies. An attempt is made to provide insight into
the difficulties associated with evaluating air quality impacts of
power plants.

3.1.6-2 Sources of Information

There are presently two State agencies involved in power plant siting:

the Public Utilities Commission (PUC) and the newly formed State

Energy Resources Conservation and Development Commission (State Energy

Commission}. Both of these commissions can supply valuable information
for future emissions estimates.

The PUC has in the past handled all power plant siting activities at
the State level. Its function was to review applications and grant
certificates of public convenience and necessity, which are required
before a power plant construction permit may be obtained. The enact-
ment of the Warren-Alquist State Energy Resources Conservation and
Development Act (AB 1575, 1974} in January of 1975 transferred primary
power plant siting responsibility from PUC to the State Energy Commis-
sion. However, the Act did allow for some 42 individual planned power
plants with a total generating capacity of over 14,000 megawatts (see
note) to be exempt from review by the State Energy Commission [31]. The
planning and construction of these power plants will be done under

Note: A megawatt is one million watts. A kilowatt is one thousand
watts. A kilowatt-hour is the amount of electricity needed to
1ight 10 one-hundred-watt Tight bulbs for cne hour.

(10 1ight bulbs) (100 watts/1ight bulb) (1 hour) = 1 kilowatt hour
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the auspices of PUC to allow for a smoother transition of power plant
siting authority. Construction of all exempt power plants is expected
to commence before January, 1978.

The State Energy Commission was formed in recognition of the need for
a cohesive process of energy conservation and development. The Energy
Commission has exclusive power to certify all power plant sites and
related facilities. In addition, the Warren-Alquist Act reguires that

beginning January 1, 1977 and every two years thereaftér,.the

Energy Commission submit to the Governor and Legislature a comprehensive

report identifying trends of energy supply, demand, consefvation and health

and safety factors for each year in forthcoming 5, 10, and 20 vear

Eériods. These rEports'sh0u1d be useful tools for planners in estimating
air quality impacts. The Energy Commission's reports will be based on
information from local public utilities with evaluation and modification
by the Commission. The public utilities themselves may be used as an

additi i j ources.

Information from the public utilities will likely be more area specific
and may be more useful to the planner. O0ften, the local utility will
be able to supply information in advance of PUC or the State Energy -
Commission. However, reports from the latter sources may represent
more comprehensfve‘evaluation of total State needs. Anyone using
information from either Jocal public utilities, the State Energy
Commission, or PUC should evaluate the consistency of the data obtained
(e.g., growth ratés) and determine the most appropriate source of
information for the specific planning task. ‘

Table A.3.18 1ists,the generating capacity available to California as of
December 31, 1972. For each plant, it includes the Tocation of power
plants, power plant names, the names of the utilities operating plants,
maximum generating capacity and type of fuel normally used. Table A.3.19
is a summary of projections for new plants up to 1991 based on 1972
projections. Tables A.3.20 and A.3.21 delineate the Tocation and capacity
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of specific power plants already planned. The tables should be used
only when making first attempts to identify location and size of power
plants. Specific power plant information should be obtained from one of
the sources previously mentioned.

3.1.6-3 Methodologies for Estimating Emissions from Electric Utilities

The specific method used for estimating air quality impacts of power
plants is directly dependent on the availability of information. As
already mentioned, in the short term (5-10 years), relatively accurate
information is available; however, long term estimates (10-20 years)
are usually very speculative. The possibility that no new fossil fuel
fired power plants will be constructed in air quality maintenance areas
should be considered. These areas are jdentified in Revision 5 of the
State Implementation Plan [32]. In addition, Tocal air pollution
districts have specific regulations (e.g., Los Angeles Zone Southern
California APCD Rule 20.1) forbidding construction of Targe new sources
which will interfere or prevent the attainment and maintenance of any
National Ambient Air Quality Standards. Direct contact with local
districts is necessary to clarify legal implications of Tocal future
growth of power plants.

Method A - Per Capita Based Estimates

The first approach to estimate future power plant/air quality relation-
ships is based on the projection of electrical generation demand on a

per capita basis. The principal requirement for this kind of estimate

is to obtain population projections for the future years of interest.
Several sets of per capita energy demand values are given in Table 3.8.
These values are based on the 3 scenarios developed by Rand [29] and the
population projections of the California Department of Finance. These per
capita values reflect statewide averages. For a description of the
scenarios and assumptions used, the reader is referred to the Rand

report [29]. The per capita demand values may be combined with popu-
lation projection data to determine future electrical generation require-
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ments. Emissions estimates may then be calculated by identifying elec-
trical generation potential according to fuel type and applying appropriate
emission factors.

Tables 3.9a,b,c provide information to disaggregate power generated
according to fuel type for years between 1975 and 1995. The numbers pro-
vided are for statewide energy production estimates based on three
scenarios developed by Rand {29] and should be used with appropriate
values from Table 3.8. Once the energy sources have been identified,
then emission factors may be applied to the fossil fuel power plants:
natural gas, fuel 0il and coal. It is assumed that coal fired power
plants will be built outside of California and emissions from these
sources will not directly affect California.

Table 3.10 presents emission factors to be used in this estimating
methodology. There are several implicit assumptions in these factors
such as plant efficiency and fuel heating value which may not be appro-
priate for the study area. However, these assumptions are appropriate
when using Tables 3.8 and 3.9a,b,c.

As an example of using Method A for estimating future year emissions,
calculations for a study area of 1 million people and for the year 1985
are shown below:

From Table 3.8 for Base Case-1985 an Electrical Generation of
1.06 KWH x 104/Year/Capita 1S estimated.

10

1.06 KWH x 104/Year/Capita x 1,000,000 people = 1.06 x 10 ~ KWH Per Year

10.6 x Million MWH Per Year

From Table 3.9a for 1985, electrical generating fraction of 0.136
from Gas and 0.298 from Fuel 0i]

(10.6) x (0.136)

it

1.44 Million MWH Per Year from natural gas-fuled
power plants

3.16 MilTion MWH Per Year from fuel oil-fueled
power plants

(10.6) x (0.298)



*BULpunod 03 8NP 000" L 01 ppe 10U Aew S${e30L

*seb jednjeu pue JL1BUIUAS mmvz—ocH¢
. *BLUA0} LB JO SpLsino sjue|dusmod padly [e0)
G/6| J49quRd9Q 4 /YSI-€6/1-Y ‘puey Aq A|quassy 318315 eludojl]e)

€
¢

A0) padedadd ‘a4ning ayj 03 SYled BLUJAOLL{R) J0J SSALIBUUILLY ADJBUI :924n0g

L

Pmpop.moumo*uumgm

L00° 1 666°0 000"t 000°L 000°L y IWLOL
oL 0 £8¢°0 862°0 .m@ﬁno 0S¥°0 LLO
19070 80L'0 9eL"0 86070 geL'o cSed
8810 882°0 061°0 L9L°0 L80°0 4B ONN
-%£0°0 €60°0 9LL"0 01°0 1 00L°0 Nﬁwou
0SL°0 et 0 0¢1°0 8L0°0 G20°0- Lewisy3099
mmo.o LLL 0 orL’0 WARRY 61¢°0 314299 304pAH
G661 omm— mmm~ 0861 Si6l

994N0S ABJ3UT

(9sn wnipaw ‘uoizonpoad wnipap) Ises aseg

L

e6°€ I19YL

G66L-G/61 XIW ONILVYANID ¥3MOd TYIILIHLOdA

3.45



"bulpunod 03 8np Q00| 01 Ppe j0u ABW S[v30]
-*seb |eanjeu pue O5133Yjuks sapn[ou]

"RLUJOLL[R) 1O B

plsano sjue|dusmod pasly 00D

546 _49qUa930 " 44/¥S)-€6/41-y ‘puey Aq A[quassy 81835 BLULOSL[®) 0]
paJedadd ‘34n3ng 3Uy3 03 SYIBJ BLULOSL[®) JOJ SOALIBULB]|Y ADJIU3 183405

B
2

l

000" L 000" L 100" L (00" 1 000" 1 w4<50h
174NV, (vl'0 v8L"0 09€°0 0S%°0 L0
8yL'0 8LL°0 §0¢°0 2oL’0 SeL'o mmmo
¢5€°0 £€82°0 §0¢°0 891’0 180°0 A3 ONN
680°0 5010 921°0 cLL™0 0oL 0 Nﬁmou
08L°0 1st°0 0eL’o 1800 G20°0 L BLBY3 089
£01°0 9cL'0 LSL°0 8LL™0 61¢°0 914703 304PAH
9661 0661 5861 0861 §61

2301 1O UOL3dBUY

3ouanos Abdaug

(9sn #mo| ‘uoL3onpoad wnipsy) LWL JSMOT
I1V43IN39 ¥3M0d TYIIL3IHLOJAH

memﬁummmﬁ XIW 9N
g6°¢ 319VL

3.46



661 48quad3aQ *44/¥SI-£64(-Y ‘pury Aq A|quessy ajels mv:LO%*Fm%N

*buipunod 01 anp Q0| 03 ppe 30U Aew sjejol

"sef [eanjeu pue 213139yzufs sapn|ou]
"RLUJOJLL®) JO 3pLSno sjuejdusmod paul) |eo

14
&

404 padedadd ‘a4ning syj 03 syjeqd vLULOSL|e) JO} SIALIRUUBI LY ADasul _mugsomﬁ
060" L 6660 100" L 10071 000° L , W10L
02270 62€°0 [8%°0 6250 .omq,o‘ LLO
000°0 000°0 ooo.o 000°0 GZL'0 £5°0
627°0 ¥€€°0 0LL°0 v1'o hwo.o A3 [ONN
2510 6LL°0 8LL"0 _mQOqo 00L°0 /1200
§2L°0 2210 L0170 1400 G20°0 Leusay303p
¥£0°0 G60°0 52170 9510 612°0 914399 904pAY
G661 0661 861 0861 5261

_ — - ‘ 904n0S ABudU3
[e301 40 uoL3deAd .

L

(9sn ybLy ‘uoi3onpoad mo7) 3wty saddn

G661-G461 XIW ONILYHINTD YIMOd TYIILIHLOAAH

96°¢€ 374Vl

3.47



Table 3.10

Emission Factors for Emissions from Fossil Fuel Electric
Generating Plants in Tons Per Day/Million MWH Per Year

Fuel Type
Pollutant
Gas Fuel 01l Coal
(Natural and
Synthetic)
Oxides of Nitrogen 204 3.98 9.45
(NO, )
Particulate Matter
(PM) 0.14 0.72 1.35
14.58(S) where (S)
represents sulfur
.. content of fuel in
Su]fur581?x1de 0.54 %; e.g. 0.5% yields 16.20
(S0, a factor of 7.29.
Use 1% if no infor-
mation available.
Total Organic Gases
(106) 0.01 0.18 0.17
Carbon Monoxide 0.23 0.27 0.56

(CO)

Source:
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Applying emission factors from Table 3.10 for oxides of nitrogen’
(NOx) yield emissions for 1985.

1 44 Million MWH Per Year x 2.04 Tons Per Day NOx
Million MWH Per Year

Natural gas

2.94 Tons Per Day NOx

3.16 Million MWH Per Year x 3.98 Tons Per Day
: MiTlion MNH Per Year

It

Fuel 01l

12.6 Tons Per Day NOx

A cautionary note on Method A is that all tables and éSsumptions are
based on statewide trends. It is quite possible that a given study area
would not exhibit typical per capita energy demands due to implementation
of energy conservaton techniques. It is also possib]e'power plants

may not exist within a study area with power being transmitted from
outside sources. F1na11y, the emission rates may not reflect actual
conditions due to the influence of variables discussed previously. To
improve on Method A estimates, better information and more resources are
essential. Method B, described next, outlines areas of possible improve-
ment of emissibh estimates.

Method B - Area Specific Estimates

In order to provide area specific forecasts of power plant emissions,

the following parameters must be delineated for existing and planned

power plants: location, fuel type, critical design parameters, and

use characteristics. Tables A.3.18, A.3.19, A.3.20, and A.3.21 in

Appendix A may be used to identify some of these parameters; however, it
is suggested that the tables be used only to familiarize the planner
with power plants in his study area before contacting the local public
utility or State agencies for more specific information.

The type of information obtained will vary and the estﬁmating technique

will vary accordingly. The minimum amount of information obtained for
each plant in the study area should be an estimate of projected year of
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operation, enerqgy production per year and expected fuel type. The
production per year could then be converted into the units of million
megawatt hours (MWH) per year, and the emission rates from Table 3.70
may be applied. Assumptions were made in developing the emission rates
in Table 3.10 regarding thermal efficiency and fuel heating value. It
is suggested that the planner seek technical assistance from the ARB or

Tocal districts if such engineering parameters are available.

Most power plants do not operate at a constant efficiency and some may

use substitute fuels during certain modes of operation. These varia-

tions should be explored and a judgment made as to the most appropriate
data to be employed. Note that most power plants will operate at peak
generation rates during the mid-summer months when air conditioners are
used and during mid-winter months when heating systems operate. Un-
fortunately, it is during mid-summer and mid-winter that meteorological

air pollution potentials are greatest for secondary and primary pollu-
tants respectively. If monthly resolution of power generation is avail-
able, then the emission factors in Table 3.10 can be modified by multiplying
the factors by 12. For example, 3.98 tons per day/million MWH per year

= 47.76 tons per day/million MWH per month. This could be taken one

step further for a daily resolution, however, it is doubtful that forecasts
are very accurate at that level of temporal resolution.

An example of typical calculations for 1985 using Method B are shown
below:

Information from public utility for planned power plant within

study area:

1. Fuel to be used - fuel oil

2. Projected operating date - June 1978

3. Total capacity - 500 megawatt

4. Anticipated yearly generation rate - 2 miilion MWH
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Suppose that the utility disaggregates the yearly 2 mililion MWH
generation rate into monthly rates of 0.2 million MWH for the six
summer and winter months and 0.13 million MWH for the six spring
and fall months. It would be appropriate to apply a monthly
emission factor.

3.98 Tons Per Day NOx 12 Months _ 47 .76 Tons Per Day NOx
7% MiTlion MWH Per Year *  Year *® MiTiion MWH Per Month

The emissions are then calculated to be,

Tons Per Day NOx ‘qq s |
47.76 MiTTion MWH Per Month X 0.2 Million MWH Per Month

= 9.6 Tons Per Day NOx during critical months {summer & winter)

The local public utilities may also be able to provide estimates of total
fuel usage in future years. In this situation the reader may use emission
factors directly from AP-42 [10,11] or the factors prbmd1gated by EPA for
new sources [33]. ‘These emission factors are given in terms of pounds

of pollutants per-quantity of fuel consumed or in terms of pounds of
pollutants per BTU released (see NOTE). In the latter situation, some
estimate of fuel heating value is necessary such as BTU'per pound of

fuel. Some utilities may have developed future yeah'emission rates for
planned and existing power plants.

It should be recognized that the estimating techniques described do not
completely address the periodic nature of power plant operation. In any
given month, the energy demand placed upon a plant will be similar to
that shown in Figure 3.5. The temporal dependence of energy demand
appears to be significant even at an hourly resolution. How this
dependence affects emission rates and fuel use is not well documented.
It is quite possibTe.for example, that the minimum night energy demand

NOTE: A BTU is a British Thermal Unit. It is an energy unit equivalent
to 2.93 x 10-4 kilowatt hours. Thermal energy conversion efficiency is a
measure of the power plants ability to convert thermal input energy into
electrical output energy. A 100% efﬁiciency means that each BTU inputted
is converted into exactly 2.93 x 10~% kilowatt hours. A 35% efficienc
means that each BTU is converted into (.35) (2.93 x 10-4) = 1.03 x 10"
kilowatt hours.
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results in excessive emissions being emitted during early morning hours
as steam generators are brought up to speed to meet midFday peak enerqgy
demands. It is obvious that the estimating methodologies described do

not consider such a situation.
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3.1 ESTIMATING SOURCE EMISSIONS

3.1.7 0ther Stationary Sources

3.1.7-1 Introduction

Emissions from stationary sources other than power plants are an
important component of the air pollution problem in California. As
motor vehicle controls become more stringent in the future, emissions
from stationary sources will become increasingly important. This
section describes the process of estimating stationary source emissions.

Emissions from these sources may be projected on an individual or aggre-
gate basis. In the first case, each individual point source is treated
separately. Forecasting future emissions requires projection of future
activity and expansion of each source. Aggregate forecasting requires
classification of individual sources into activity categories. Total
future emissions are then projected by category instead of individual
source.

The decision to forecast by either individual and/or aggregate source
emissions is dependent on the information available. In either case,

it is necessary and useful to adhere to a step by step procedure. First,
it is important to classify emissions according to some activity

scheme such as economic or industrial activities. Second, it 1is
necessary to estimate current or baseline emissions from which pro-
jections may be made. Third, projections of source or activity growth
must be made with the best available jinformation. Finally, the

actijvity or source growth must be used to determine future emissions
from either the individual sources or source categories.

3.1.7-2 Source Classification Systems

There are several classification systems that may be used to classify
emission scurces. The foilowing is a brief description of the scope,
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structure and usefulness of several such systems in emissions inven-
tories and forecasting.

Standard Industrial Classification (SIC) System

The SIC was developed to classify industrial, commercjal;'business and
governmental activities by the type or economic activfty in which they
are engaged [34]. The SIC categories encompass all types of economic
activity. The SIC is intended to facilitate the collection, tabu]ation,
presentation, and analysis of statistical economic data by prov1d1ng

a uniform system for data reporting and presentation.

The SIC assigns a four-digit code number to various economic activities.
The first two digits of the SIC code identify brbad categbries of
economic activity (e.g., manufacturing)i the third digit‘identifies a
more specific group of activities within the broad category (e.g.,
agricultural chemicals); and the fourth digit elaborates further on the
specific group identified by the third digit (e.g., pesticides). A1l
establishments pfimarily engaged in the same type of economic activity
are classified by the same four-digits regardless of their ownefship.

The following principles have been used in deriving the SIC:
1)  The SIC conforms to the structure of American industry.

2) Each establishment is classified according to its primary
act1v1ty '

3) To be recognized as an industry, a group of establishments
must be statistically significant in terms of number of
employees, value of activity, etc. ‘

The SIC classification system has gained wide acceptance as a method

of classifying industrial activities. Its wide application has made it
useful in emission inventory and projection procedures. Some Tocal
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agencies and the federal government project economic activity by SIC
categories. A wide variety of information on current production, employ-
ment, and related indices of economic activity are grouped to form

major classifications. The SIC categories closely correspond to most
emission classification schemes. Because of this close agreement,
information arranged by SIC classification can often be utilized in
emission forecasting and inventories with only slight modification.

National Emissions Data System Source Classification Code

The National Emissions Data System (NEDS) [1] was developed by EPA to
provide a uniform method for assembling emissions and source data. NEDS
includes a uniform coding system, the Source Classification Code (SCC),
for identifying source types. Sources are divided into point and

area sources.

For the purpose of data collection, the emission factors and control
equipment efficiencies have been identified by the individual process
or activity that might be defined as a point source. A series of point
source classification codes (SCCs) has been developed for those sources

for which emission factors are available. Four levels of identification
are used. These four Tevels define a general source category and sub-
categories within the general category. The subcategories define
classification as to fuels, industrial processes, products, equipment
types used, etc. The classification system is flexibile, and new or
revised emission factors may be added easily [1]. It should be noted
that the classification is not always internally consistent. The more
specific codes (third and fourth digit combinations) will indicate
different subclassifications for various general classifications.

An eight digit number in the form of 1-01-001-01 is used to identify
each source category. The first digit identifies the source process
category (e.g., 1 is an external combustion boiler) the next two digits
identify the industrial classification (e.g., 01 is electric generation).
The middle three digits further specify the process utilized (e.g., 001
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for anthracite coa1).' The last two digits then identify the particular
process utilized {e.g., 01 for a boiler producing more than 100 BTUs
utilizing pulverized coal) [1].

The SCC is a specific coding system the use of which is limited to the
NEDS. It is much more detailed than the SIC and bears no direct relation
to other classification systems. It has not gained acceptance outside of
this application ahd is only of interest to NEDS users. Appendix C

of Supplement 4 to AP-42 [11] includes a 1isting of NEDS source classi-
fication codes and corresponding emission factors. :

State and Local Classification Systems

Various source classification schemes are utilized in California by

the ARB and 1opa1 APCDs. The ARB uses a system (Table 3.7) which
categorizes emissions by process catégories. A process category is a
group of industrial operations which have common air p611ution emission
characteristics. A single point source may have emissions in two or
three separate categories (e.g., solvent evaporation,:fueT‘combustion and
chemical proceSs-emissions.for a chemical plant). |

Most APCDs use a source classification system which closely resembles the

system utilizéd by the ARB. Some of the larger APCDs, such as Los Angeles
County and the Bay Area APCDs, have developed their own coding systems
to identify and classify sources. '

It is beyond the scope of this Handbbok to describe each individual APCD

classification system. The user should consult directly with the local
APCD in his study area for a description of each individual system.
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3.1.7-3 Sources of Information on Current Emissions

An estimate of current emissions is necessary to establish a projection
baseline. The EPA is in the process of establishing an emissions data
system which will be continuously updated and accessible to any state

or local agency. In addition, the State Air Resources Board and local

air pollution control districts can normally supply county emissions
estimates. The following is a description of these sources of information.

National Emissions Data System (NEDS)

The National Emissions Data System (NEDS) [1] is an extremely detailed
emissions inventory of each air quality control region {AQCR) being
developed for EPA. The NEDS will provide information concerning sta-
tionary point sources emitting greater than 100 tons per year of any
pollutant. The data included in the NEDS for a given stationary source
will be:

-—
——r

A description by Standard Industrial Code (SIC) and Source
Classification Code (SCC).

Magnitude of emissions in tons/year.

Frequency and duration of operation in terms of hours/day,
days/week and months/year.

Type of control equipment and their estimated efficiencies.
Location by Universal Transverse Mercator (UTM) zone and
coordinates and by AQCR, county and city.

[FS RS

o
St et et

Area source emissions will also be included in the NEDS files. These
emissions will be aggregated to the county level, and will contain

the following information for each area source: 1) emission estimates
in hundreds of tons per year for the county, and 2) type and amount of
fuel consumed, solid waste disposed, mobile source activity, etc. The
area source inventory will not include information on the specific
emissions factor utilized or any detailed information on how the basic
input data is generated.
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When the NEDS System is completed, any state or local agency may request
data from NEDS by telephone, mail, or by terminal access to the computer
at the Research Triangle Park National Environmental Research Center. A1l
data will be stored in computers to facilitate rapid retrieval. The
inventories will be updated from year to year. Generally, three cate-
gories of data will be available: summaries, which will be most commonly
used; sorting, a useful tool to be developed after summary techniques to
arrange data into useful formats; and special analysis, that will
necessitate both terminaT and programming capability. Each category is
discussed below. |

1)  Summaries

A number on programs are under development that will provide
the following summaries:
a) Nationwide inventory - by county (3,300), AQCR (247),
state and territories (54), and the nation (1).

b) Area sources - by county (3,300).

¢) Point sources - individually (40,000) by county, and
calculated emissions of pollutants, trace elements
and compounds,

Two types of summary requests may be made:

Simple Summary Data Requests - Very brief data requests will be
answered from monthly summaries or from the summaries output on
the Tast day of the year (annual summaries). Annual summaries
will be maintained for Automated Data Processing (ADP) and in
computer printout form, stored on microfiche in National Source
Inventory Sectijon (NSIS). Monthly summaries will only be
maintained. on computer tape for ADP. B

Comprehensive Summary Data Requests - More complicated requests
will probably require access of the computer by NSIS. This
request may be made by telephone, mail or computer terminal access.
EPA hopes to provide quick response for each request {within

one week).
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2) Sorting

A number of programs will be developed that will enable sorting
and ranking of data. The methods for answering these requests will
be the same as for comprehensive requests of summary data, except
that sorting and/or ranking operations will be included.

3) Special Analysis

No programs will be developed for these operations; therefore,
users must have their own programming capability until this need
can be met by increased resources in NSIS.

The NEDS system in California is presently operational. Data from many
sources emitting less than 100 tons per year has been included thus
making the California NEDS more complete in some respects than required
by EPA. However, there is some question regarding accuracy of current
input data. EPA has also funded development of the Comprehensive Data
Handling System (CDHS) [35]. The Comprehensive Data Handling System is
intended to aid state and Tocal air pollution control agencies in
performing their daily operations. The CDHS has an Emissions Inventory
Subsystem (EIS) which will allow Tocal agencies to readily code their
present emission inventory information onto a computer data handling
system. The EIS provides for output in either the original information
input format or in NEDS format. The ARB has operationalized the EIS
computer program. Data for California which was inputted into NEDS is
also available through EIS. Some update of input information has
occurred in the last year. Even with the updated information, EIS
outputs should be evaluated for accuracy before use. The ARB is presently
informing Tocal districts of EIS input data requirements through seminars
and direct discussions. It is anticipated that input data quality will
improve through these efforts. Operational experience gained in the
next year should also identify input data improvement needs.
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County Emission Inventories

The ARB and all major APCDs maintain county emission inventories. The
ARB estimates are usually developed from Tocal APCD data with slight
modifications to make the data fit ARB categories and assumptions.
Table 3.7 is a typical ARB county emission inventory. Similar infor-
mation is available from the ARB for all counties in the state. County
or APCD‘inventories generally fit the ARB categories reasonably well.
There is, however, a great deal of variety in specific inventory
structures. The planner is directed to the APCD in his area of
interest for detailed information.

The reliability of data from either local agencies or the ARB is also
variable because of several factors. Some districts develop inven-

tories from operating permits which may not reflect real use situations.
It is also possible that major sources may have been incompletely
characterized or perhaps not jdentified at all. Additionally, assump-
tions made by either the ARB or the local districts may not be appropriate
for a spec1f1c study It is suggested that the p1anner 1nvest1gate the
limitations and the applicability of emission 1nventory data for the
intended usage. It may be necessary to allocate resourcés to modify

or improve the‘data; The specific amount of resources allocated is largely
dependent on funds . available, planning tasks to be performed, and the
applicability of the available emissions data. |

Establishing a representative emissions baseline is important; however,
developing and refining an emissions inventory is usually a major under-
taking. Consequently, it is best to utilize existing information
whenever it is available and appropriate.

The ARB last pub11shed an official emission inventory 1n 1970 [36]. This
document is outdated and a preliminary 1972 inventory was used for
development of the ARB's Revision 5 to the State Implementation Plan. A
final, official, 1973 inventory is expected to be published shortly and
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will be available from the ARB through the public information office.
Local APCDs should be contacted directly for information developed by
them. The large districts publish emissions data annually.

3.1.7-4 Methods of Predicting Stationary Source Activity and Location

Once an emission inventory baseline is established, some method of
predicting source activity is necessary before an emission forecast

may be attempted. The federal government provides economic activity
projections, state and Tocal governments provide population projections
and local governments and private enterprises may also provide economic
activity projections. These projections can be applied to either in-
dividual sources or to aggregated source categories. The following is
a description of projections useful for determining future emission
source activities.

OBERS Projections of Economic Activity

Projections of income, employment and population from 1970 to 2020 have
been prepared by the Bureau of Economic Analysis [37,39,49]. These pro-
jections are are known as OBERS projections. (U.S. Department of Commerce
Office of Business Economics (OBE) and U.S. Department of Agriculture
Economic Research Service (ERS). The OBE is now called the Bureau of
Economic Analysis.) These projections were developed for use in water
quality management plans but can also aid the air quality planner.

OBERS projections have been made for each of the country's 253

Standard Metropolitan Statistical Areas (SMSAs) which include 70 percent
of the U.S. population. Seventeen SMSAs exist in California and

contain approximately 90% of the state's population in 24 counties. OBERS
projections for non-SMSA areas are also available.

The OBERS projections comprise two different sets of projections based
on "Series C" and "Series E" population growth rates [37,49]. The total
fertility rate per 1,000 women assumed to be obtained by the year 2000
are 2,800 for the Series C and 2,100 for the Series E. The Series E
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projections are therefore a "replacement Tevel fertility" rate Teading
to zero population growth. General assumptions incorporated into the

OBERS projections are delineated in Figure 3.6. Specific differences
between the Series C and Series E projections are identified in

Figure 3.7.

Although these projections contain significant inaccuracies, they can be
very useful in projecting future year source activity.  The use of OBERS
projections is particularly suited to predicting emissions from industrial
sources because statistical data are disaggregated into industrial
groupings for about 20 categories which closely correspond to emission
inventory categories. Table 3.11 presents a relationship between the

ARB emission categories and the industrial groupings used in the OBERS
projections} The relationships between the industrial groupings used by
OBERS and Standard Industrial Codes (SIC) are identified in Table 3.12,

Projections of production growth indices based on Series C projections
were developed by the U.S. Bureau of Economic Analysis [39]. These indices
were norma1ized to the base year of 1970. Similar indices were not
developed for the Series E projections; however, methodologies for
developing such indices are presented [49]. Tables B.3.5 through

B.3.21 of Appendix B present both Series C and Series E indices for the
seventeen California SMSAs. These indices are normalized to a base year
of 1973. their use in estimating emissions is explained in Table B.3.22
of Appendix B. |

The difference between Series C indices and Series E indices presented in
Appendix B is considerable. Had the same economic data been used for
both sets of projections with a change only in birth rate, then the
Series E projections would consistently yield Tower future estimates than
Series C. However, Series E projections include economic data from 1970
and 1971 in addition to the pre-1970 data used for Series C. This
difference and others identjfied in Figure 3.7 rvresult in Series E
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Table 3.71

Emission Source Category and Corresponding
Growth Indicator Category

EMISSION SOURCE CATEGORY

PETROLEUM
Production
Refining
Marketing
ORGANIC SOLVENT USERS
Surface Coating
Other
Degreasing
Dry Cleaning
CHEMICAL
METALLURGICAL
MINERAL
FOOD & AGRICULTURAL PROCESSING
PESTICIDES
WOOD PROCESSING
COMBUSTION OF FUELS
Power Plants3
Industrial
Domestic and Commercial
Orchard Heaters
WASTE BURNING
Agricuitural Debris
Forest Management

Range Improvement

GROWTH INDICATOR CATEGORY!

Mining-crude petroleum and natural gas

Manufacturing - petroleum refining
Population2

Manufacturing - composite index

Population?

Manufacturing - composite index

Popu]ation2

Manufacturing - chemical and aliied products
Manufacturing - primary metals

Mining -~ non-metallic, except fuels
Manufacturing - food and kindred products
Agriculture

Manufacturing - lumber products & furniture

Manufacturing - composite index
Popuiation?

Agriculture

Agriculture
Forest and fisheries

Agriculture
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Table 3.11
(continued)

Emission Source Category and Corresponding
Growth Indicator Category

EMISSION SOURCE CATEGORY GROWTH INDICATOR CATEGORY1

WASTE BURNING (cont.)

Dumps4 ------

Conical Burners B Manufacturing - Tumber products & furniture
Incinerators . PopuTation?

Other a Population?

MISCELLANEOUS AREA SOURCES

Wild Fires - Constant

Structural Fires Population?

Farming Operatfons Agriculture
Construction and Demolition Contract construction f
Unpaved Roads = - Population?

Other L Population?

1 Growth indicator based on earnings or production data from [37,39,49] unless
otherwise specified. Specific indices may be found in Tables B.3.5 through
B.3.21 of Appendix B. A specific example of relating emission source cate-
gory to growth indicator category is presented in Table B.3.22 of Appendix B.

2 Popu]ation growth factors based on projections of Ca]ifornia Department of
Finance, D-100 series.

3 Special study -'P1eése refer to section on Fossil Fuel Electric Generating
Plants. .

4 Future emissions are assumed negligible.
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TABLE 3.12

INDUSTRIAL GROUPINGS WITH STANDARD
INDUSTRIAL CLASSIFICATION CODES

All-industry total:
Agriculture, forostry
Agriculture
Forestry and fix

Mining:
I\fotnl
Coal...

Crude po:roloum and na
Nonmeotallig, excupt funl:
Contract construction..
Manufacturln‘f
Food and kindrod products
Textile mill producta ... ..
Apparel and other Tabric product-
Lumbor products and furniture .
Papear and allied products...... ...
Printing and publizhing......... ..
Chemicals and allled productz .
Potroleum refining,
Primary rmotalx..

and fisheries:

Fabrfcated metalz and o 34, 19.
Machinery, excluding clectrical a5,
Electrical machinery and zupplies.. 36.
Motor vehicles and equipmoent... ari.
Transportation :-qulpmtmt uxcludmg

motar vaehicles... . 37 excopt 371

Other mnnumcturmg

Transportotion, communications, and
public utilitios:

Rallroad transportation...

Trucking and wnruhou..mg

Other tran: .porhtlon and sorvicas,.

Communicationsz... . .-

Utllities (oloctric, ga amtary)
Wholezala and retail trad- ..............
Finance, Insurance and real citato.....

......... 21, 30-32, 38, 39.

Servicas:
Lodging places and personal torvices.. 70, 72.
Buziness and repair sorvices ............73, 75, 76.

Amuiament and recroation zarvices 78, 79.
Private houtcholdx ... e o B8
Professlonal zervices . 80, 81, 82, 84, BG, 89,
Govarnment:

Civilinn govarnmant:

Fodaral governmant .

State and locnl govcrnmnnt
Armad forces . -

91 except Fod. military,
~.Part of 91,

Source: Executive Office of thu President, Burcau of the Budget,
Standard Industrist Classification Maonual, 1967.

Reference [37]
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projections generally being Tower but containing a few exceptions. This
can clearly be seen in Table B.3.9 in Appendix B for Orange County. Most
of the Series E indices are lower as exemplified by the Series E Manu-
facturing year 2000 index which is nearly 40 percent lower than the
corresponding Series C index (259 for Series E versus 412 for Series C).
However the Series E projections yield higher indices for the Agri-
culture, Textile Mill Products, and Motor Vehicle and Equipment categories.
The recommended pfbcedure for projecting future emissions is to use both
Series C and Series E indices in order to establish a range of values.
If only one set-of emission projections is to be made, it is suggested
that Series E projections be used due to the more recent economic data
base used to develop the indices.

State and Local Population Forecasts

Population foretasts are useful for projecting emissions for a number of
emission categories. Emissions from dry'c1ean1ng operations, waste
disposal, lawn and garden equipment operations, etc. are likely to grow
at the same rate as population because the source activity in these
categories is more directly related to population.

Population forecasts are developed and maintained at the State Tevel by
the California Department of Finance [38]. Forecasts are available by
county by 5-year increments until the year 2020. Four series of pro-
Jections are avadeb]e from the Department. Each series utilizes
different assumptions concerning mortality, fertility, and net migration
of population for the State. Each of the series results in significantly
different projected county populations. Before'utilizing any of these
projections, the user should examine the basic assumptions'for each
series and decide which series is most valid for the area of interest.

In addition to the State forecasts, many local and regional agencies

maintain estimates of future population. In recent years there has been
substantial coordination between the California Department of Finance
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and local planning agencies. As a result, there is often close agree-
ment between their respective projections. Local agency projections are
useful in that they often provide projections down to the city or
neighborhood level, and may be more accurate than the Department of
Finance estimates, especially in the short term.

It is beyond the scope of this report to describe each of the various
local projections which are available. The users will no doubt be
familiar with the resources available within their study area and
should consult them directly.

Local Economic Forecasts

There are several possible sources of local economic activity data.
These include Council of Governments (C0Gs), Chamber of Commerce,
Economic Development Districts and county governments. The projections
obtained from these sources would include employment, Tand use, business
development, and source expansion plans. Any information projecting
activities for the categories listed in Table 3.11 may be valuable.

Private Economic Forecasts

In California, several large financial institutions maintain forecasts
of economic activities. These forecasts may be useful in predicting
regional or local source activity. Additionally, Targe corporations
may also prepare economic projections. These sources of information
should be explored, keeping in mind the emission source categories
listed in Table 3.11.

3.1.7-5 Projecting Source Emissions

The following section presents two methods for projecting source
emissions for the "Other Stationary Source" category. Power plants
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are not included in this category. These methods provide the 1ink
between emissions baseline, projections of economic activity and
emission projections.

Method 1 for "Other Stationary Sources"

The approach'described here is a slight modification of the one utilized
by the Air Resources Board in a recent analysis of future year air
quality as a part of the Air Quality Maintenance Area deéignation
process. |

Future year stationary source activity and the subsequent emissions can be
a function of the industry type and geographical location. In order

to project stationary source emissions, it is neceséary to have

indicators of future year stationary source activity. The approach
described here is based on the pfojections of the Bureau of Economic
Analysis (BEA), U.S. Department of Commerce [37,39,49], which projeét
income, empToyment, and population from 1950 to 2020 for the various
Standard Metropolftan Statistical Areas and AQCRs throughout the nation.
If suitable 10hgfterm projections exist at the local level and appear

to be more valid than the BEA factors, they should be used.

Projections of total earnings and production contained- in the BEA reports
are used as indicators of growth for industrial activity and the asso-
ciated emissions. Production indices were matched with the stationary
source categories'psed in the 1973 ARB Emission Inventory. The source
categories and‘the'COrresponding growth indicator catégories are shown

in Table 3.11. The projections of total earnings are made for entire
SMSAs or AQCRs'and are assumed to be applicable to sub-areas of these
areas. If the study area is not within an SMSA, or an AQCR, Series D-100
population-based growth factors from Table B.3.4 are used. The normal- .
ized growth indices using C-150 and E-O population growth rates for each

area of the state are presented in Appendix B, Tables B.3.5 through
B.3.21.
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To project future year emissions from "Other Stationary Sources" for

a study area, an emission inventory for the base year should be compiled
for that study area. Since this is a considerable undertaking, an
alternative is to disaggregate countywide emissions based on population
using the emission lTevels contained in the most recent ARB Emissions
Inventory. The equation for this disaggregation is:

Emissions from Emissions in County

Study Area for for Other Stationary (Population of Study Area)
Other Stationary =  Sources in the Base X {PopuTation of County)
Sources in the Year

Base Year

Once the base year emissions have been determined, the growth factors
(for SMSAs or AGCRs) are multiplied times the base year emissions to
estimate future year emissions for each source category.

As an example, the emissions in Orange County from the "Mineral™ source
category are estimated as shown below:

Particulate Oxides of  Sulfur Carbon
Matter Nitrogen Dioxide Monoxide
1973 Emissions
(From ARB Emissions
Inventory Table 3.7) 1.0 T/p 0.9 T/p 1.5T/p 15.1 T/p
1985 Total Earnings
Indicator for "Mining -
Non-metallic except fuels"
(From Table B.3.9):
————— Series C 1.40 1.40 1.40 1.40
————— Series E 1.31 1.31 1.31 1.31
1985 Emissions:
————— Series C 1.4 T/p 1.3T/p 2.1 T/p 21.1 T/p
————— Series E 1.3 T/p 1.2 T/p 2.0 7T/p 19.8 T/p
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A similar procedure is followed for the remaining source categories and
pollutants. Then, emissions by pollutants are summed to give total
emissions from‘Pther Stationary Sources." The Series C projections would
constitute the upper 1imit of emissions projections while the Series E
projection would reflect lower 1imit emission projections.

Method 2 for "Other Stationary Sources"

The second method described requires far more specific information. For
this reason the methodology is presented in outline form. The method-
ology is presented for individual point sources and for source categories.
In each case, a methodology is described for existing and new sources.

Emissions from Existing Stationary Point Sources

a) Estimate current emissions by Standard Industrial Classification
category for stationary sources from county, ARB, or NEDS inventories.

b) Utilize coUhty source files to identify significant point sources
of emissions. ' ‘

c) Determine productive capacity of point sources and actual per-
centage of that capacity utilized in the base year.

d) Estimate emission factors for each point source for each projection
year using information gathered from local APCDs or AP-42.

e) Estimate plant retirement as a percentage of original capacity for
each projection year. This can be done by:

1) Contacting individual point sources and interviewing managers;
or '

2) Using retirement rates in Table A.3.22 for each type of
source.
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f) Determine if any proposed rule changes are likely to affect emissions
from existing sources and for which projection years the regulations
will apply.

g) Determine if the future industrial activity is expected to utilize
all existing capacity. If plants are not expected to operate at
full capacity, estimate the percentage of capacity that will be
utilized for each individual point source.

h) Estimate emissions from existing sources for each projected year
using the following formula:

EFY = (CapFY) X (%CapFY) X (EFFY) X (EAFY)

Where:

EFY = Emissions in the future year
CapFY = Production capacity in the future year
”aCapFY = Percent capacity utilization expected in the future year

EF
FY
EAFY = Emission adjustment due to stricter rules or regulations

= Emission factor future year

i)  Make seasonal allocation of emissions if information can be gained
on seasonal operational plans by SIC or individual plans.

The following example outlines the application of this methodology:

Step a) - Accomplished using the ARB and APCD inventory. Industrial
fuel combustion shown to be a significant source of emissions.

Step b) - Using the county source files, the Ajax Chemical Company's

Steam Plant was determined to be a significant emission source
for 502 and NOx.
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Step ¢) - This'stép'was accompiished through a plant interview. The
boiler capacity is 8 x 108 BTU/Hr. Normal plant operation
is 7 days a week, 24 hours per day for 50 weeks per year.
“Total annual capacity is thus

(8 x 108 BTU/Hr.) x (24 Hr./Day) x (7 Days/Week) x (50 Weeks/Year)

= 6.7 x 101 BTU/Year

In the base year (1974), the entire plant was shut down for
3 months by a strike. For the rest of the year, the plant
operated at 80% of capacity. Total utilization in base year:

12

2

(6.7 x 10'“ BTU/Year) x (0.80) x (9 months/12 months).= 4 x 10! BTU/Year

8 3

Fue1 use ﬁn base year = 1.92 x 10° Meters™ of natural gas.

No fuel oil was used.

Step d) - The emission factors for the base year were obtained from AP-42
from factors for natural gas fuel combustion.

5

[

3700 Kg/10%
9.6 Kg/10%m°

Natural gas NOx emission factor
Natural gas 802 emission factor

For future years the plant is expected to operate on fuel
0il as natural gas supplies decrease. Again from AP-42.

9.6 Kg/10° Liters
19(S) Kg/10° Liters

Fuel o1l NOx emission factor
Fuel.oil SO2 emission factor

Where Siis the percent sulfur in the fuel by weight. Assume
that S will be 0.5% because current APCD rules 1imit the
sulfur content of fuels.
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Step e) -

Step f) -

Step h) -

Consultation with the source operator yielded an estimate
of 15 years additional 1ife for the plant. Thus no emission
estimate needs to be made for 1995.

No rule changes are anticipated that will affect emissions
from these sources. Existing regulation will, however, limit
the sulfur content of fuel to 0.5 percent by weight.

By 1985 the plant expects to utilize the full present capacity.
It was estimated that actual full capacity is 95% of rated

capacity.
Calculation of capacity - 6.7 x 10'% BTUs/Year x 0.95
= 6.4 x 10'2 BTUs/Year

Calculation of capacity fuel use:
Heating value of fuel oil = 4.1 x 104 BTUs/Liter

Anticipated fuel use:

(6-4 x 1012

BTUs) Liter
Year

(77 x 104 BT0s

) = 1.56 x 108 Liters/Year

Emissions are estimated for two study years, 1974 and 1985.
for 1974:

10,0, (1.92 x ;O8M3 Natural Gas/Year) x (3700 Kg/10%M3)
= 7.1 x 107 Kg/Year NOx
= 710 Metric Tons/Year NOx
57450 = (1.92 x ;08M3 Natural Gas/Year) x (9.6) Kg/10%%)
2 =1.8 x 107 Kg/Year

1.8 Metric Tons/Year
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for 1985:

E]985N0x = (1.56 x ]gs Liters/Year) x (9.6.Kg/103 Liters)
= 1.50 x 10”7 Kg/Year
= 1500 Metric Tons/Year of NOX
E]ggsso = (1.56 x 108 Liters/Year) x 19{0.5) Kg/'|03' Liters

2 =1.48 x 10° Kg/Year
1500 Metric Tons/Year of 302

[

In the base year the plant was closed from February through
April. The rest of the year the operation was relatively
stable. |

Emissions per day - 1974
February through April=0 for NOx and SO2
Rest of the year =

710 Metric Tons _ 1 Year 12 Months

ENOx B Year X 365 Days X 9 Months operation
= 2.6 Metric Tons/Day
_ . . 1 Year 12

ESO = 1.8 Metric Tons/Year X 3€E X T

 0.007 Metric Tons/Day

Emissions per day - 1985
Operation:steady for-50 weeks = 350 Days/Year

= ; 1 Year
Eygx = (1500 Metric Tons/Year) X zggpave
= 4.3 Metric Tons/Day
E.. = (1500 Metric Tons/Year) x 1oiear
S0, . _ 350 Days

4.3 Metric Tons/Day
Note that 1 metric ton = 2,204.6 pounds.
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Emissions from New Stationary Point Sources

(a) Project source activity for each individual plant using information
derived from BEA factors, local economic studies or direct contact
with existing sources.

(b) For each projection year, determine the percent of estimated activity
that will be supplied by sources constructed since the base year.

(c) Determine the effect of source permit requirements on new source
constructions.

(d) Determine emission factors for new individual point sources using
Table A.3.23 or information obtained from APCDs.

(e) Estimate emissions from new sources using the formula:

frryg = (CaPry, X (EFpy )

NS S NS
Where:
EFYNS = Emissions from new sources in the future year
CapFYNS = Production capacity of new sources in the future year
EFFYNS = Emissions factors for new sources in the future year

(f} When necessary make seasonal allocation of emissions.

Emissions from Existing Sources by Source Category

(a) Estimate current emissions by Standard Industrial Classification
category for stationary sources from county, ARB, or NEDS
inventories.
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| H (b)
|
, (c)
) (d)
(e)
|
e
(f)

4 ~

Using information presented in the section on point sources,
subtract point source emissions from the county source file, thus
yielding an estimate of emissions for each source category.

Estimate retirement rate for each Standard Industrial Classification
category as a percentage of original capacity for each projection
year. This can be done by using retirement rates in Table A.3.22
for each Standard Industrial Classification category.

Determine if any proposed rule changes are likely to affect emissions
from existing source categories for the projection years the requ-

Tations will apply.

Estimate emissions from existing sources in each category using the
equation:

Ery - (EBY) X (100-%RetFY) x (EA

FY)
100 .
Where:

EFY = Emissjons in any future year

EBY‘= Emissions in base year .

I

Percentage of Base Year Capacity expected to be retired
by the future year {From Table A.3.22, e.g., Petroleum
Production Retirement for 1985 = 35%)

%RetFY

1

EAFY = Emission Adjustment due to stricter rules or regulations
in the future year . s

Make seasonal allocation of emissions in information can be gained
on seasonal operational plans by SIC.
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Emissions from New Sources by Source Cateogry

(a) Estimate current emissions by Standard Industrial Classification
category for stationary sources from county, ARB, or NEDS

inventories.

(b) Estimate the growth in activity for each projection year using
information derived from BEA factors, Tocal economic studies or
direct contact with sources. For each projection year, determine
the percent of estimated activity that will be supplied by sources
constructed since the base year. Also estimate percent retirement
for the projection year for each source category.

(c) Determine the effect of source permit requirements on new source
construction.

(d} Determine emission factors for each SIC by scaling base year emissions
to the estimated growth. Use Table A.3.23 to estimate if future
emission factors are affected by more stringent new source per-
formance standards.

(e) Estimate emissions from new sources in each source category using
the formula:

EFY = (EBY) X (%GFY - %RetFY) X (EAFY)

Where:

T
{

Fy = Emissions in the future year
EBY = Emissions in the base year
%GFY = Estimate of percent growth in activity for each SIC
(e.g., %Gy = 105)

Estimate of percent retirement for each SIC

%#Ret
EAFY = Emission Adjustment if more stringent rules are expected
for new sources

(f) Make seasonal allocations of emissions if information can be gained
on seasonal operation by SIC.
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3.  ASSESSING AIR POLLUTANT EMISSIONS

3.2 FACTORS AFFECTING CHANGES IN EMISSION RATES

3.2.1 More Stringent Rules and Regulations

The most important factor affecting future emissions will be the im-
position of more stringent rules and regulations.and their enforcement.
More stringent emission limitations affect both existing and new sources.
Existing sources may be required to utilize "add on" pollution control
devices to reduce emissions, and new sources may have to utilize best
available control techniques. Stringent control strategies to achieve
and maintain ambient air quality standards may force some sources to
close down or prévent others from being constrdcted. Stringent enforce-
ment of regulations will induce the development of new technology once
the need for emissions reductions is established.

The following reguTations_have been promulgated by the EPA which will
affect future emissions from new sources: ‘

a) Review of new source impact on ambient air quality. Enforce-
ment of these regulations may prevent the construction of any
new air po]]ution source if the source's emissions will result
in the violation of any NAAQS.

b) New Source Performance Standards (NSPS). The NSPS specify
emission 1imits which certain types of sources must meet in
order to be constructed.

c) No Significant Deterioration Regulations. These regulations
affect new source construction in two ways: '

(1) If a source's emissions would cause air quality to

deteriorate beyond the 1imits established for an area,
‘the source's construction is prohibited.
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(2) Certain specified source categories will be required
to control their emissions to the furthest extent
technically and economically feasible. Thus, as new
control technology is developed, it will have to be
implemented.

On November 26, 1975, the ARB adopted guidelines for stringent review of
new sources. Briefly, the new guidelines require review of any project,
new source or modification which will emit either 15 pounds per hour or
150 pounds per day of any contaminant for which a state or national
ambient air quality standard exists (150 pounds per hour or 1500 pounds
per day for CO0). There are exceptions and caveats to the guidelines
which are explained in two documents available from the ARB [50,51].

The intent of the rules would be to prohibit construction of those
sources reviewed whose emissions would prevent attainment or maintenance
or cause violation of ambient air quality standards.

3.2.2 New Technologies

Future source emissions will also be affected to a large extent by

changes in technology. Emission reductions may be affected either by

(1) the development of new emission control strategies or (2) the
development of new processing techniques which are less polluting than

the processes they replace. The quantification of the effect on emissions
of either of these developments is a difficult task.

The development of new emissions control technology will normally be
induced by the need to comply with more stringent regulation. New
processing technology may be developed in order to comply with air
pollution regulation but is more often developed because of economic
reasons.
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Changes in industrial processes are a promising area for new technology.
In such 1arge'industries as power generation, petroleum refining and
steel manufacturing, the development of new process and‘contro1 tech-
nologies offers_fhe possibility of further emissions‘reductions.

At present we know of no comprehensive effort to identify and quantify
the impact of technology on air pollutant emissions.

3.2.3 Fuel Changes

The effect of the energy crisis on our economy is still being evaluated.
Two clearly identifiable impacts have been the shifts in present fuel

use and a dramatic shiff in the trends of fuel use. In the past, Calif-
ornia has been fortunate in that ample supplies of 1nexpénsive, relatively
Tow poltuting natural gas have been available. In 1970; California's
fossil-fuel f{red power plants consumed natural gas approximately 80% of
the year. Today_they have sufficient supply for only 10% of the year.

In the future, very little natural gas is projected to be ayai]abIe for
power genération.

These shifts diréct]y affect the air pollutant emissions‘of California's
jndustries. For example, a power plant burning coal typica11y emits 2
times more particulate matter than one combusting oil and 10 times more
than a plant using natural gas. A]though we cannot accurately quantify
future changes in fuel supplies, it seems clear that "dirty" fuels will
be substituted‘fbr relatively clean natural gas. The emissions most
affected will be those of particulates, sulfur oxides, and oxides of
nitrogen. '

Although the anticipated shift in fuels will aggravaté‘tbe‘air pollution
problem, the decrease in fuel availability and subsequent‘increases in
fuel prices wi]J‘increase efforts in energy conservation. Industries will
have more incentive to develop and utilize processes which are less
energy demanding.. - '
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3.2.4 Mitigation Measures

Mitigation measures may be classified into two general categories:
those affecting the source directly and those affecting source related
activities.

Direct source mitigation measures alter either the time or mode of
operation of a facility. For example, it may be desirable for a large
power generating system serving a given region to preferentially load
Tow emitting facilities to minimize air pollutant emissions. It might
also be desirable to restrict process activity of a source and the
attendant emissions, especially during periods of high air pollution
potential. Quantification of the effects of either of these measures is
difficult. The effect of operating at night instead of day is almost
impossible to guantify since extensive knowledge of typical meteoro-
logical conditions is necessary. Operating at a restricted level may
have a more significant effect since emissions may be reduced dispropor-
tionately. However, care should be taken in providing a complete
analysis of effects because some facilities are designed to operate at
specific levels; these source emissions may actually increase at lower
operating levels.

Mitigation measures affecting mobile source related activities fall
generally into the category of VMT or trip reduction measures such as:

1. Bus incentives; bus lanes, reduced fares.
Carpooling.
High density residential development which would shorten
trips, increase utilization of transits, and increase use
of bicycles.

4. Staggered working hours.

5. Disincentives for use of automobiies (increased parking
fees, auto free zones, etc.).

3.84



Several attempts have been made to quantify the effects of these
measures for certain areas in California £43,44,45,46]. The reader is
referred to these information sources with the cautionary note that the
studies were completed for specific areas and results may not be
applicable to other areas in the state. Examples of VMT reductions from
typical control measures are listed beiow [43]:

Approx. Percent

Strategy Description VYMT Reduction
1. Much improved public transit Approx. 3
2. %WESOHEQ transit and tax on Approx. 4
3. Auto Free Zones (e.g., Los Approx. 0.6
Angeles Central Business District)
4. [Increased Parking Cost Negligible
5. Four-Day Work Week | Approx. 0.6
6. Exclusive Bus and Car Pool Lanes Approx. 2.5
7. Exclusive Bus and Car Pool Lanes Approx 3.2
with 3¢/mile tax
8. Increased Commuter Car Pools to Approxb4;4

Achieve an Average Auto Occupancy
of 1.5 on Freeway

It should be noted that the above VMT reductions are not additive, i.e.,
measures 7 and 8 implemented together would not necessary result in a

7.6 percent VMT. reduction but probably a much Tower figure.

3.2.5 Improved Enforcement of Regulations

State regulations delegate primary responsibility for the control of
stationary sources to local air pollution control districts. Enforce-
ment of regulations is therefore subject to county budgets and political
conditiens.. The State, through.their subvention pregram, has the
authority to feview local enforcement procedures. Recent reviews by ARB
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staff of the then Los Angeles County Air Pollution Control District

(LACAPCD) [47] and the -San Francisco Bay Area Air Pollution Control District
(BAAPCD) [48] identified several deficiencies in their enforcement

programs. Additional reviews by the ARB of other local district opera-

tions are anticipated. The presently available ARB reviews and materials
from the APCDs are suggested readings for planners desiring further
information on the enforcement programs for these areas. If lax enforce-
ment of existing regulations does occur, there is potential for greater

than anticipated emissions from source categories ostensibly under

control.
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TABLE A.3.2

1973 Statewide Motor Vehicle Registrations, Average Annual MiTeage,
and Percent VYMT by Vehicle Type
(Registrations are adjusted to give average number in use over ent1re year)

venicle Tpe | e | herage sl ites rraveineo | Pt of
Passencer Taticles 9,752,000 8,367 81.59 74.99
Light Duty 1,614,000 8,016 12.94 11.92
Combined LIght Buty | 11,366,000 8,317 9¢.53 86.85
Hom DUty et 765,000 11,820 9.03 8.3%
He;gf?ﬁlifﬂxjﬂﬁﬂes 83,600 53,685 4.49 4.1% )
Combined Heavy Duty 848,600 15,944 13.52 12.43
Ty 539,000 1,570 0.85 0.8%
TOTAL 12,753,600 - 108.9 100.0%

Source: All vehicle population data from internal ARB report, “"Total Number of Motor

Vehicles In Use and Distribution According to Model Year", Division of
Implementation and Enforcement, January, 1975. Motorcycle mileage from
"Compilation of Air Pollutant Emission Factors, Supplement 5", December,
1975; AP-42, Supplement 5. A1l other vehicle mileages based on data and
methodology described in ARB, "Technical Support Document for Estimating
Emissions from Mobile Sources in California", Division of Implementation
and Enforcement, May, 1975. For specific information regarding vehicle
populations or mileages see ARB Emissions Inventory Unit.
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TABLE A.3.15

Composite Motor Vehicle Emission
FACTORS FOR TOTAL SULFUR OXIDES (SOx as S02) EMISSIONS

(grams/mile)
' ‘ Inventory Year
|Vehicle Type , - 1972-1977 1978-1979 | - 1980-1995
-Light Duty | . .
Passenger oA 0.13 | 0.12
Light Duty : ‘
Trucks 0.18 018 | 017
- |Combined Light | | o _
- |buty Vehicles 0.14 0.14. 0.13
|Gasoline-Powered
Heavy Duty . 0.36 0.36 0.28
Vehicles - _
“|piesel-Powered _
“". |Heavy Duty ‘ - 2.8 2.8 2.8
.~ {Vehicles , |
“ICombined Heavy , . ' . ‘
. Duty Vehicles - : - 1.17 1.17 T2
MotorcycTes. | 0.0 0.027 ! 0.024

Based on data from "Compilation of Air Pollutant Emission Factors, Supp]e—
ment 5", December, 1975. AP-42, Supplement 5. Modified to reflect adopted
ARB regu]at10ns [42] presented be]ow:_

Maximum Sulfur Content Effective Date of

'(Parts Per Million by Weight) Limitation
500 - . danuary 1, 1976
400 ‘ January 1, 1978
300 - January 1, 1980

‘Does not include anticipated fuel economy géins. Specific details delin-
“eated in internal ARB report by W. V. Loscutoff, April 5, 1976.
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TABLE A.3.17

PERCENT ORGANIC GAS EMISSIONS BY CLASS

Source Percentages by Class of Organic Gas Emissions
Class I Class II Class IIT . § .
Petroleum T o ~':7 - L .- ‘ -
Production ) 46.5 53.5 0.0
Refining 4.1 73.3 22.6
Marketing ‘
Terminal and Storage 5.7 70.0 24.3
Auto Tank Filling , 2.3 67.4 30.3
Organic Solvent Users |
Surface Coating ‘
. Heat Dried 3.7 28.0 -68.3
| Air Dried 9.2 53.4 37.4
| Dry Cleaning o S
; Petroleum Based 0.0 94.3 5.7
Perchloroethylene . 100.0 C.0 0.0
Degreasing
i Perchloroethylene or _
1,71,1 - Trichloroethane 100.0 0.0 ‘0.0
Trichlorcethylene 0.0 0.0 100.0°.
Printing :
Rotogravure ' 6.0 69.0 25.0.
i Flexigraphic _ 15.0 10.0 75.0
Rubber, Plastic, Putty _ : :
and Adhesive Mfqg. 18.1 25.4 56.5
i Pharmaceutical Mfg. 21.7 6.8 71.5
| Misc. Organic Sblvent Users: - . 27.2 36.9 35.9
Chemical o 0.0 0.0 100.0
Metallurgical 0.0 0.0 100.0
Mineral ‘ 66.2 10.3 23.5
rood and Agricultural Processing 0.0 0.0 100.0
Pesticides ‘ ) 0.0 36.0 ‘ 70.0
Wood Processing 60.0° 15.0 25.0
Combustion of Fuels
Power Plants 2.6 53.1 44.3
Other Industrial 2.6 - 53.1 44 .3
Domestic and Commercial Heaters 2.6 53.1 44.3
Orchard Heaters 2.6 53.1 44 .3
{continued)
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TABLE A.3.17
(continued)

PERCENT ORGANIC GAS EMISSIONS BY CLASS

T ) Percentages by Class of Organic Gas Emissions|
L source ~ Class I Class 1 Class 111
Waste Burning
Agricultural Debris 48.0 18.0 34.0
Forest Management 18.0 18.0 34.0
Range Improvement 45.0 18.0 34.0
Dumps 48.0 18.0 34.0
Conical Burners 43.0 16.0 34.0
Incinerators 43.0 18.0 34.0
Other Waste Burning 48.0 13.0 34.0
Miscellaneous Area Sources
Witd Fires
Structural Fires
Utility Equip: Mowers, etc. 11.3 42.1 46.6
Casoline Powered Vehicles
Exhaust 11.3 42.1 46.6
Evaporative 3.5 56.4 40.17
Crankcase 7.2 49.7 43.1
1
Diesel Powered Vehicles 2.6 § 53.1 44.3
|
Aircraft |
Jet 2.0 47.6 50.4
Piston 14.4 41.4 44.2
Locomotives 2.6 53.1 44 .3
Ships
Steam 65.7 10.6 23.7
Diesel 2.6 53.1 44 .3

Reference: FHoward Linnard, Emission Inventory Unit, California Air Resources
Board. Internal communication March 25, 1976. Based on data from
Trijonis and Arledge [41].
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TABLE A.3.18
GENERATING CAPACITY AVAILABLE TO CALFORNIAL AS OF DECEMBER 31, 1972

BASE LOAD PLANTS

PEAXING PLANTSE

. 3 e . No. of
Utiaty Plant Neme ' County - N;;i:: (.?a.pu;:.rl.i ¥ Ureility Flant Reme . County Umits Cnp:;iuty
Gas~ and 011-Fircd Stieem Mlants Hydroclectric Plants
Southern Califersin  Alamitos 1ok Angeles [ 1,950 Pacific Ges and Alts Flacer 2. 2
Edison Coupaxy Cocll Water San Bernardino 2 146 Electric Angels Calaveras 1 1
Fl Segunds Le§ Angcles L 1,020 Company Balch Fe. 1 Fresno 1 3
Etdwands San Bernardino & ool Balch Ko, 2 Fresno 2 105
Highgrove Ban Permardino L a5k Belden . Plosas 1 i F)
Hurtington Beach Orange k 870 Binck, Jsmes B, Shasta 2 172
Long Beach Fo. 3 1os Angeles 2 212 ‘Bucks Creok Fluses 2 55
Mandalxy . Ventwrs 2 k0 Butt Valley Plunas b ho-
Ormond Besch. Venturs 1 750 Caribou %o, 1 Flumas 3 75
Redoudo Los Angeles 8 1,602 Cariboa Ko, 2 Plumas 2 120
San Berpardine  San Bernardine 2 126 Centerville Patte 2 [
Yura Axls (State of Arizona) 1 25 Chils Bar El Dorado 1 7
f Coal. Canyom Putte 1 1
ho 8,189 Colleman Shasta 3 13
. Cow Croek Shasta 2 2
Pactfic Gaz and Aven Coptra Coxta 1 5 Crane Valley Maders % 2
Electric Company Contrs Costa Cootra Costa 7 1,260 Cresta, Batte 2 .70 -
Rumbaldt By Rurboldt 2 105 Deer Cresk Kevada 3 6
Haters Point San Freacdsco 3 377 De Sabla Bukte 1 15
Eern Yern 2 180 Drum Koo 1 FPlucer 5 sk
Martinez Contra Costa 1 L6 Drum Ko, 2 Flacer b 50
¥orro Bay San Luis Obispo 1) 1,002 futeh Flat Flmcer 1 22
Mogs Landing Monterey T 2,060 E1 Dorndo El Doradoe 2 21
Oleum Contra Costa 2 87 Electra Awedor 3 92
Pittaburg Contrm Costa 7 2,002 Hamg FPresno 2 h 1%
Potrero 8an Prancisco 3 323 Halaey Placey 1 n
Hamilton Branch Ploens 2 5
39 7,488 Bat Creek No. 1 Shasta 1 9
Hat Creek No. 2 Shasta I 9
‘Los Angales " Harbor Lot Angeles b L5 Inskip Tehoma 2 6
of Haypen Los Angeles 6 1,593 Kerckboff Fresno 3 38
Woter and Power Scattorgood Los Angeles 1 179 Xern Caxyon Kern 2 10
Valley Los Angeles L 517 Kilerc Shasta 2 3
. Xings River Fresno 1 52
16 2,734 Lioe Sasdle Butte 2 2
Melones Tuolumne 2 26
Sen Diego Gas wnd Encina San Plego 3 325 Merced Falls Merced 1 L
Hlectric Company Silver Gate San IHego L 237 Murpltys Calaveras 1 1
South Bay Sen Diego 4 73 Narrows Newada b 12
Station B San Diego 4 9% Phoenix Tuoshmne 1 2
. Pit No, 1 Shanta 2 57
15 1,37 Pit No. 3 Shasta 3 70
Pit No, & Shante 2 95
Imperial B centxod Drperial 3 180 Pit Fe. 5 Shasta & 156
Irrigati Tuzsn Aods (State of Arizona) 1 25 Pit Fo. 6 Shasta 2 - 8o
Piatrl Pit No. 7 Shasta 2 nez
: 5 205 Poe Butie 2 120
' Potter Valley Mendocino 3 g
City of Pasadena Broadwvay Log Angeles 3 160 Rock Creek Plumas 2 10
Glenarm Ias Angeles 2 59 Sult Springs Amndor 2 4L
San Joaquin Madera 1 1
5 220 Ko. X-A :
San Joaquin NKo.2 Maders 1 3
City of Burbank Magnolin Lok Angeles L il San Joaguin Ko.3 Maders 1 L
. Olive Los Angeles 2 104 Seath Tehama 1 5
' speulding No. 1 Mevads 1 7
6 175 Speulding Ro, 2  Nevadn 1 L
Spaulding Fo. 3 Nevnda 1 6
City of Glendmlé tlendale Los Angeles 5 50 Syring Gap Toolume 1 7
. Stapi slmas Tuolumoe 1 92
TOTAL GAS ARD OYL PLANTS 131 20,545 Tiger Creek Amador 2 . 58
Tule Tulare 2 [
Ruclear-Powered Steam Plants Yolta Shasta 3 7
Wegt Point Ammdor 1 135
Pacific Gas and Bumboldt Bay Rumbaldt b 63 Wise Flacer 1 1
Electric Company . Wishon Maders L 20
TE 2,52
Sovthern Califarmia) 2 SR
Edinon Compeiy ; can Onofre P 1 43 Pacific Power and Copee No. 1 S1mciyou z 20%/
San Bie =80 Idght Compesty Copeo Ro. 2 Simdyou 2 =5/
g0 Gas & ) FPell Creek Siakiyou 3 2?5/
Electric Compaxy ) Iron Gate Siakiyou 1 185/
TOTAL NUCLEAR PLANTS 2 4g3
Gecthermal Steam Planta 8 . 61
Oroville-Wyandette Forvestown Batte 1 36
Pacific Gas and The Geyasers Somcomn B 290 Irrigation Kelly Ridge Butte 1 10
Hectric Compmuy District Woodleat Butte Tl 55
TOTAL GEOTHERMAL PLARTS 8 290 3 01
L Yuba County Water New Colgmte Yuba 2 284
Conl-Fired Steea Flasts?/ _ Agency Rew Narrows Yaba 1 L7
Sovthern Califorxia  Four Corners {State of Few 2 768 3 ki
Edizoo Company Mextico)
Nevada Trrigation Chkdcago Park Placer 1 k2
Soathern Califorzda) District Dutck Fiat No. 2 Nevnda 1 26
Ediscn Coupogy ) . : El B
Hohave (State of Neveda) 2 1,122
Loz Angeles .
Departas Slerra Pacifi Farad Fiacer 2 3
Watcr -n:tP:cr ) Power Ccnpnméj Flediash Flacer 1 2
TOTAL COAL-FIRED PLANTS 5 1,850 3 5
TOTAL, BASE LOAD FLANTS aus 23,718 (Data for pesking plects continued on oext pege)
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wan Hego Cax sl Electrlc Co. in mrcomiance



SUMMARY OF UTILITY PROJECTIONS FOR NEW PLANTS {in megaowolts]

TABLE A,

3.19

1982 - 1951

[N

1972 - 1981 1972 - 1551
Southerd’ soutnernd/ - Fet
Calif. Total calif. Total Total Retircoents ' | Increase
Northern FPublie Hew Forthera : Fublic Hew Hew and of
Calif. SCE  SOCLE Utilitias Capacity | Calif, 5CE EDGAE Utilities Capacity | Cepacity Termipations {Capacity
Hacleny 7.7 2,95 k56 595 1,532 15,350 0,70 2,2% o 29,340 ho B2 o ho,872
Bydro e/ o o 2,9 3,627 2k 1,77 500 o b, 526 8,15 2y 7,876
Coml 0 2,207 999 1,924 5,130 ] 1,000 1,000 0 2,000 7,130 o 1,130
Gan & Q11 T35 2,0 579 k&l b,185 0 L] o o 4,185 1,1035/2/ 3,082
{Stean) ;
Caw % DIl o 78 o o T68 [} 3,012 o -] 3,012 3,780 a 3,70
{Combined S
Cycle) - .
Gas & 011 150 &0 66 282 1,78 o 1,046 o2 o 1,548 3,329 o 1,329
(Can : .
Turbine)
e 1,166 o 0 0 1,166 ° 1,000 o o 1,000 2166 o 2,166
Tdefined o 0 o 188/ 188 | 5,650 500 0 5,551, 11,601 11,833 o 11,839
- TOTAL . ‘
i 16,542  9,Th 2,703 5,343 28,337 | 4,280 22,035 k252 5,5M 53,117 81,hsk 1,380 .1 80,07k
CAPACTTY - .
Less
Ratirements :
wod o ° o o 0 o 9135/ o s/ 1,38 1,380
Terminetiome ’
Tet Incresse ' ' ’
of Capectty | 10,552 9,749 2,703 5,383 28,337 {#,%9 21,100 h252 5,096 1,737 | 80,07%
%f Clitics of Los Angoles, Burbsuk, Glendsle and ﬁudem,nnﬂ Imperinl Irrigetion Distriet
%/ Includes 287 MW for Nev Meloows, belng the difference betwoen 300-MW capscity of the pew plant sod the 13-M+ capedity of Melopes which
will be retired 1o 197TA. 3 . it
3/ Agcement with SCE for Hoover units A5-B termivates 1987 (277 #W). It {s possible that tnis capacity will continue to serve Callifornla
needn after that date, '
y Sewnit LADMP Harbor Plant (Mh5 M) to be retired 1982-1991.
5/ Unwpceiffed SCE gas- apd bil-Tired equipment (658 MW) to be retired 1987-1583.

LA

Mendulo,-T3 MW, Burbauk - 30 M¥, and Paasdena-bi MY réported es

Sourve: Reporta to CPUC by PGRE, s‘cz,lsmu: apd LADJP, Merch 1972,

thermal”.
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TABLE A.3.20

FORECASTS OF NEW GENCRATING UNITS,

197 2.1991

SITE ] cnmcwr (Mw) .,ms ] CAVACTTY (bW)
wictgand/ GAS AND OTL
Rancho Seco 3,000 &'E:_:__J‘x_r;_d__(.)_iﬂl_“g_t:'g-:ﬁin__]’_{;nntng/
Dinhlo Canyon ) . ——
Mendocine Plttsturg 135
Davenport Orwond Bench 830
MonLezuma ]6,000 Enclina 579
Sonth Moss Landing Glendnle (rerate) 2
One IGERE unspecifled Sonttergood 309
locnt.ion Fry Mountain or Huntlnglon Bench 1,580
son Onofre 5,910 Fl Centro 1‘30
Point Concepllon e
Three SCE unipecificd 1,752 POTAL NEW CAPACITY 1972-1991 u 385
locntionn
Two LADWP unspecified NET LNCRFASE OF INGTALLED LhQ
locntions h,l&OO CAPACYTY DURLNG 1972 -—
Sorrento ) 1,500
Rorder } ; TOPAL NEW CAPACLTY 1973-1991 - 3,745
TOTAT, NEW CAPACITY L1972-1991 W2, 202 Combined Cycle 1’1“1“-9-/
NET INGREASE 5N INSTALLED 0 Long Be hcn Units 8R nnd 9—/ 3720
CAPACITY DURLNG 972 Coolwnterd/ 300
e SCE - D 80
TOTAL HEW CAVACITY 1973-1991 ¥2,222 SCE - E 68
. R e i SCE (Second Decide) 3,012
HYBHOELEC TOTAL NEW CAPACLTY 1972-109L 3,780
Castnle 1,275 NKT INCREASE OF INSTALLED 0
Aqueduct 8 CAPACTIY DURLNG L1972
Devil Canyon 120 i
Termlnal 50 TOTAL NEW CAPACITY 1973-199) 3,780
New Melones {net Incrence) 287 — i T D2 e
Piru Creek 1,200 Gag Turbines .o
Helms Crack 687 S
Auburn 217 Glendale A
Marysville Lo 015 ve h9
Pumped Storsge ($CE) 3,100 Hurbor 80
Conventlonal Hydroelectric €77 Kenroey 20
(sCE) ML romar LB
Pumped Stornge (HDGEE) 500 North Island 48
Chnnges Sn OWP nnd CVP - 8 g1 Centro 58
T Sun Frinclszeo 150
LOTAY NEW CAPACITY 1972-1991 8,153 Not speci (ied (5CE) 1,726
Not npucified (SDGRE) 1,055
NEW INCREASE OF INSTALLED Not specified (Pasndena) Lk
CADPACTIY DURING 1972 257 Not speeified (Burbank) 30
TOPAL NEW CAPACITY 1073~1991 Ty 896 TOTAL NzW CAPACLLY 1572-1991 3,329
conry NET INCHEASE OF INSTALLED ah7
— CAPACITY DURLNG 1972
Mohave (rerate) (Nevada) 281
Navajo (Arizona) 550 ‘L‘O’J'AL REW CAPACLTY 1973-1991 3,082
Kniparowitz {Utah) L, 999 T " -
Arxow Cunyon (Nevida) 1,300 Lk.()’l:{!-HHAL./
TOTAL NEW CAPACITY 197/7-1991 7,130 The Geyners 1,696
Imperind Valley 710
NEW INCHFASE OF LNSTALIFD 202 t P 5 |
CAPACLIY DURING 1972 Not speeificd b0
'10'IAL Nl-‘W LAI’ACIL’Y 19, (3-1991 6,928 TOTAL 1973 1991 T ?.10
1/ For sources, see Table 10. -
J PGRE, SCE, SDGAE, nnd TADWP reports to the CPUC, Murch 1972,
3/ f?_:‘rx)rt__o_n__‘@.n Year and Twenty-Year Forvenntn of Frectrde Utilities? Toads and Resources, cruc, .

July 25, 1972.
Bj SCE communicntion with Statle Power Plant
_')_/ Department of Consnervation,

5iting Commitlee, Ducember 6, 197L.
agust 1972 (see Figure k).
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TABLE A.3.21

PROJECTION OF MAJOR THERMAL SITING FOR COMMERCIAL OPERATION THROUGH 1991

Project Name or Location Fuel Type Capacity (MW)
1982 1991
(a)  {b)
Northern California
Rancho Seco (SMUD) Nuclear 900 3,000
Diablo Canyon (PG&E) Nuclear 2,120 )
Mendocino (PGE&E) - Nuclear - ) : (c)
Davenport (PGE&E) Nuclear - ) 16,000
Montezuma (PGEE) Nuclear - )
South Moss Landing (PG&E) Nuclear - )
Unspecified Location (PGEE) Nuclear - )

" Southern California

San Onofre (SCE & SDGEE) Nuclear 2,710 6,000

Lucerne Valley (SCE) Gas & oil 1,248 )
Pt. Conception .(SCE) ' (e) Nuclear : - ) 13,000
Unspecified Location (SCE) Nuclear - ) ,
(3 sites) ‘ : o (d)
UnSpeC|faed Llocation - ‘ Nuclear 638 4,400
(L.A. Public) (2 S|tes) : : - ‘
Sorrento (SDGEE) - Nuclear =) 1,500
Border (SDGS&E) ' Nuclear . - ) —_—

TOTAL 43,900

(2a) PGSE, SDGEE and LADWP Repofts to the CPUC, March 1973
(Information'of December 31, 1972).

.(b) CPUC Report on Ten- Year and Twenty Year Forecasts of Electrlc
Utilities' Loads and Resources, July 25, 1972.

(c) PGEE letter to Resources Agency, Aprilt 4, 1973.
(d) LADWP letter to Resources Agency, March 27, 1973.

(e) The Eastern Desert site shown on Figure 16 is an approximate
location. While not identified by name in the March 1973
submittal to the CPUC, intent to purchase two 770-MW high-
temperature gas-cooled reactors was announced in 1972, and
in March 1973, announcement was made of an Investigation for
a suitable site for the units in an area within 50 miles of
the Colorado River adjacent to the aqueduct of the Metropol:tan
Water District of Southern Caiifornia.
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Table A.3.22

Expected Lifespan of Facilities in Various
Emission Categories

Percent
Typical Plant  Retirement of Present
Lifespan - Capacity In

Cateqory (years) 1975 1980 198 1990 1995
Petroleum

Production ‘ + 28 0 18 35 54 71

Refining 32 0 16 31 47 63

Marketing 32 0 16 31 47 63
Chemical Manufacturing 22 Q 23 45 68 91
Mineral Operations .

Cement Manufacture 40 0 13 25 38 50

Glass and Glass Products 28 0 18 35 54 71

Stone & Clay (except cement) 30 0 17 33 50 66

Composite 33 0 15 30 45 61
Wood Processing

Lumber and Wood Products 20 0 25 50 75 100

Paper and Allied Products 28 0 18 35 54 71

Composite 24 0 21 42 63 83
Food and Agricuiture )

Food and Kindred Products 24 0 21 42 63 83

Grain & Grain Mill Products 34 0 15 29 44 59

Composite 29 0 7 34 52 69
Metallurgical

Fabricated Metal 24 0 21 42 2% 83

Primary {ferrous) 36 0 %4 28 e 56

Primary (non ferrous) = - 28 0 8 35 71
Pesticides (same as chemical) 22 0 23 45 68 91
Combustion of Fuels

Power Platns ' 56 0 9 18 27 36

Industrial 56 0 9 18 27 36

Commercial - -- - - -- -

Residential - -- -- - -- --

Waste Burning - - - - - -

Based on data from "Depreciation - Guidelines and Rules," Revenue
Procedure 62-21, U.S. Treasury Department, Internal Revenue Service
Publication No. 456. Revised August 1964.
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TABLE A.3.23

PROMULGATED NEW SOURCE PERFORMANCE STANDARDS
—GROUP 1 SOURCES? : /

New Source AP-42
Performance Standard page
Source category and pallutant {maximum 2-hr average) ' reference
Municipal incinerators
Particulates 0.18 g/Nm® {0.08 gr/scf) C2.141
corrected to 12% CO2 ' :
Portland cement plants
Kitn—dry process L
Particulates 0.15 kg/MT (0.30 Ib/ton) 8.6-3
of feed to kiln - .
Kiln—wet process 0.15 kg/MT {0.30 ib/ton) 8.6-3
Particulates ~of feed to kiln
Clinker coofer - 0.050 kg/MT (0.10 b/ - 8.64
Particulates ton) of feed to kiin
Nitric acid plants 1.5 kg/MT {3.0 fb/ton) 593
Nitrogen oxides {as NO2g) - of 100% acid produced
Sulfuric acid plants 2.0 kg/MT (4.0 tb/ton) 5.17-5
Sulfur dioxide of 100% acid produced . o
Sulfuric acid mist 0.075 kg/MT {0.15 1b/ 5.177
{as Hp SO4) ton) of 100% acid produced

e 40 — Protection of Environment. Part 60—

. 36 {247):24876, December 23, 1871,

Standards of Performance for New Stationary
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TABLE A.3.23
(Continued)

PROMULGATED NEW SOURCE PERFORMANCE STANDARDS

Source category and pollutant

—~GROUP Il SOURCES?

New Source
Perforimance Standard

AP-A2
paqe
reference

Asphalt concrete plants
Particitates
Petealeum refinerivs: Fluic catalytic
cracking units
Particulates
Carbon monoxide
Storage vessels for petrofeurn liquids
“Floating rool” sterage tanks
Hydrocarbons

Secondary lead snmaellers
Blast {(copola) furnaces
Particulates
Reverberatory furnoces
~ Particulates
Secondary brass oind bronze ingot
production plants '
Reverberatory furnaces
Particulates
Eloctric induciion furnaces
Particulates
Blint furnaces
Particidates
Iron and stee! plants
Basic oxygen progess furnaces
Particulates
Scwage treatment plants
Sewage sTudge incinerators
Particulates

90 mg/Nm?> {0.040 gr/dxct)

60 mg/Nm? {0.076 gr/dscf)P
0.050% by volume

If true vapor pressure
under storayge conditions
exceeds 78 mm (1.52 psia)
mercury but is no greater
than 570 mm (11,1 psia}
mereury, the vesscl must
be equipped with a floating
roofl or its equivalent,

50 mg/Nm> (0.022 grfdscf)
g

50 mg/MNm? (0.072 gi/dscf)

50 mg/Nm® (0.022 gr/dscf)
50 my/Nm® {0.022 gr/dsef)

SO mg/Nm® {0.022 gr/duel)
50 mg/Nm"‘ (0.022 grfduwchi

0.65 g/kg {1.30 Ib/ton)
of dry sfudge input

Britle 40 -Protrction of Enviconment, Part 60--Stundards of Purfoumanae for Now Stationary Souraet:

Mizcellaneous Amendments. Federal Register, 39 {47}, March 8, 1974,

bTru_- actual NSPS reuds 1.0 kgf 1000 kg (1.0 1b/1000 Ib} ol coke burn-

approximately cquivalent 1o an exhaust gas concentration of 60 mngrnJ {0.02G gr/dsct).
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